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2 Research Program 
Summary 
One of the world’s most important systems of marine upwelling is located off NW Africa, an 
area also strongly influenced by large amounts of Saharan dust deposits delivering nutrients into 
the ocean. Both processes are of fundamental importance for the particle formation in the water 
column, substantially affect the biological and carbonate pumps and thus the global atmospheric 
CO2 budget. Notwithstanding the fact that the main driving forces of climatic variability have 
been identified in the centers of deep water formation in the northern North Atlantic, the upwell-
ing region off NW Africa should be most suitable for detailed reconstructions of past climatic 
changes because of the regionally very high rates of sediment accumulation. The phenomenon of 
abrupt climate variability is in the focus of the projected research here. Various ice core studies 
and paleoceanographic investigations have clearly documented that climatic variations of the past 
repeatedly occurred at very high pace, at times within but a few decades. In high resolution 
sediments of the North Atlantic numerous short-term climatic changes such as ’Bond-Cycles’ 
and ’Heinrich-Events’ have been described. These rapid shifts of the climatic system in the past 
as well as today’s knowledge and rising concern about antropogenic influences recently attracted 
increasing public interest to such paleoceanographic investigations. 
Analyses of high accumulation rate marine sediments have a particularly great potential to 
understand historical climate changes of the last 2000 years like the ‘Little Ice Age’ or the 
‘Medieval Warm Period’ in context of the longer term Holocene climatic variability of the last 
11,500 years. According to results achieved on several previous R/V METEOR cruises, high 
accumulation rate sedimentary deposits are found east of the Canary Islands and west of Dakhla 
and Cape Blanc which should comprise appropriate climatic archives and are therefore prime 
choices for high-resolution paleoceanographic studies. Additional information about the individ-
ual depositional settings is provided by seismic and echographic pre-site surveys performed 
during the preceding R/V METEOR Cruise M 58/1 in April 2003. 
For logistic reasons Cruise M 58/2 had to be divided into two legs. Prime objective during the 
first part is to recover high-resolution sediment sequences at the NW African continental margin 
from about 31 to 25°N. For this purpose, the shelf and upper continental slope are sampled with 
the multicorer, gravitiy corer and large box corer in the upwelling centers between Cape Ghir 
and Cape Yubi and south of Cape Bojador. Moreover, the water column is regularly sampled 
with the multinet and rosette for biologic and isotopic investigations. The acoustic shipboard 
systems Parasound and Hydrosweep will be continuously operated during the entire cruise. 
Additional to the geologic working program west of Dakhla and Cape Blanc particle flux 
studies are a principal goal during the second part of Cruise M 58/2. A long-term sediment trap 
mooring of the University of Bremen is exchanged at around 21°W and another mooring newly 
deployed at about 19°W off Cape Blanc to compare the particle fluxes in the complex filament 
patterns of an extended upwelling complex. In the immediate and wider vicinity of the mooring 
stations the depth distribution of marine aggregates are documented at high resolution using a 
particle camera system and particulates will be selectively collected by means of a remotely 
operated vehicle (ROV). Sampling of the water column is performed with in situ pumps and 
rosette casts in the same region for chemical analyses of dissolved and suspended matter. 
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 Figure 1 Projected working areas and schematic ship tracks of R/V METEOR Cruise M 58/2. 
Triangles in working area B2 indicate mooring locations. 
 
Geology and Paleoceanography 
Initial activities during both parts of the cruise are echographic measurements to achieve the 
necessary basic information for sediment sampling at the African continental margin. Following 
extensive surveys of several areas, a conventional wire-line coring technique is employed to 
probe the surface sediments with a multicorer, the deeper sedimentary sequences with a gravity 
corer at appropriate locations. After recording core logs of some elementary physical properties 
for a preliminary characterization, the recovered sediment series are described, sampled and 
archived on board using well established standard methods. For the paleoceanographic investi-
gations comprehensive isotopic, micropaleontological and sedimentological studies will subse-
quently be performed in the University of Bremen laboratories. At selected stations sediment 
deposits are retrieved for geochemical and environmental magnetic analyses that specifically aim 
at resolving early diagenic processes. 
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Geochemistry 
The geochemical objectives of this leg are (a) pore water analyses to document concurrent early 
diagenetic reactions and diffusive transport processes as well as (b) XRF measurements of the 
sedimentary solid phase as lithostratigraphic proxies of the Late Quaternary continental margin 
sediments. Pore water extracted from sediment series recovered with the multicorer and gravity 
corer is immediately analyzed for Eh, pH, sulfate, sulfide, chloride, iron, alkalinity, ammonium, 
nitrate, phosphate and silicic acid. Sub-samples are preserved for later shore based analyses of 
additional dissolved pore water constituents. Shipboard measurements with the XRF technique 
will be performed on around 200 samples of each selected sediment sequence within 24 hours. 
For this purpose a newly developed XRF instrument, especially designed for the operation out-
side laboratories, has been optimized and calibrated prior to the application on board ships. 
Available sediment material from the South Atlantic, for which data sets from systematic ele-
mental analyses using total disintegration routines already existed, was analyzed in successful 
tests of the methodology. 
 
Marine Geophysics 
As on the foregoing cruises a GEOTEK multi-sensor track is employed to record core logs of 
magnetic susceptibility and electrical conductivity. The latter parameter, a measure for sediment 
porosity and density, will be determined with a newly developed device using the non-contact 
principle. Likewise new is a camera system to digitally photograph the entire sediment series 
recovered by scanning and recording the complete frequency range of the visible light. A com-
prehensive analysis of this advanced technique with respect to the data processing and more spe-
cifically the various possibilities of scientific applications will be a main task of subsequent 
shore based investigations. 
Shipboard activities also include a detailed sampling program for magnetic studies of the 
sediments. For these analyses the laboratories at the University of Bremen are equipped with 
sophisticated modern instrumentation. 
 
Particle Flux Studies 
For particle flux investigations a mooring will be exchanged and another newly installed off Cap 
Blanc. Both are equipped with two sediment traps (20 cup collectors) and current meters at dif-
ferent depth levels. The materials recovered will be analyzed for total, carbonate, opal, Corg, Ntot 
and lithogenic fluxes, for the composition of planktic organisms (foraminifera, coccolitho-
phorids, dinoflagellates and diatoms) in part with their isotopic characteristics as well as for the 
isotopic composition of the organic material. In addition, grain-size distributions of terrigenous 
material, almost exclusively of eolian origin in the study area, are specifically intended to 
achieve information about transport patterns and pathways of African dust fluxes in the atmos-
phere and within the water column. Prime aim of these studies is to document the long-term 
variations of different particle flux components and their relation to natural changes and anthro-
pogenic influences of the climate system on the Northern Hemisphere. 
Additionally, a digital particle camera (ParCa) is employed for measurements of the grain size 
distribution of marine aggregates settling in the water column and a ROV for their selective 
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sampling under in situ conditions. After recording the distribution pattern of the particulates in 
the water column with the particle camera, the ROV will be directed to depths levels of specific 
interest, where the aggregates are collected under video camera control by manipulators and spe-
cial sampling tools. Deployments of both devices are repeated after several hours at the different 
stations to obtain quantitative data about the vertical transport of the individual particle clouds 
settling through the water column. 
Shore based detailed analyses of individual aggregates after the cruise are expected to provide 
as yet lacking information on the settling velocities, formation processes and composition of 
these most important media for the transport of particulate carbon in the ocean. The prime 
objective of these studies is a better understanding of the interrelationship between current sys-
tems, climate and particle transport. The results shall devise a basis for the reconstruction of 
former environmental conditions from the sedimentary deposits on the sea floor. 
 
Paleontology 
To improve quality and quantity of information gathered on dinoflagellates during previous  
R/V METEOR cruises, the regional distribution of cysts and test forming calcareous species will 
be analyzed in the surface waters and sediments during both legs. Based on the assumption that 
their occurrence in the sediments corresponds to that in surface waters and the latter is dependent 
on the type of water mass and environment, dinoflagellates can be used to differentiate between 
major ecosystems and as a discerning tool in reconstructing past oceanic current systems. The 
main aim, therefore, is to obtain a good coverage of dinoflagellates distributions in the surface 
waters and sediments in all working areas of the cruise to determine their major ecological, 
oceanographic and geological control factors, e.g., water temperature and salinity, irradiance, 
nutrient supply, hydrodynamic variations, transport, preservation and reworking. These data will 
be used as models for the paleoecological interpretation of late Quaternary sediment series 
recovered. 
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3 Narrative of the Cruise 
R/V METEOR sailed as scheduled in the morning of May 15, 2003 from Las Palmas, Canary 
Islands, Spain to Leg 2 of Cruise M 58. Before, 3 days in port had been very efficiently used to 
exchange scientific equipment, replenish the stocks of utensils for the research program and to 
refit various laboratories. Twenty-five scientists from the Department of Geosciences and the 
DFG Research Center ‘Ocean Margins’ at the University of Bremen took part in the cruise. The 
Moroccan observer appointed did finally not arrive. 
Almost immediately after leaving port, we faced quite adverse weather conditions which then 
further deteriorated during transit to the first working area (A1) on the Moroccan continental 
margin at 31°N. An extended high pressure system near the Azores paired with low pressure 
over northwestern Africa resulted in very intense trade winds. The May 16 forecast of our ship-
board weather station ‘7 to occasionally 8 Bft winds and up to 5 m seas’ summarized the actual 
situation only inadequately. It was of little help that, according to the same source, such condi-
tions are merely impossible at this time of the year (less than 1% probability). 
While a number of people suffered, the station work was but marginally affected thanks to a 
most proficient support from the bridge and all hands on deck. From May 16 to 18 the multicorer 
and the gravity corer could thus be employed without problems at 7 locations (GeoB 8601 to 
8607) in the area north of Cape Ghir and the Agadir Canyon. All laboratories were promptly 
active measuring and analyzing the series of sediments recovered from between about 500 and 
1200 m water depth. For some of them clear evidence could be found that they may indeed 
represent the detailed Holocene archives expected to reconstruct at high temporal resolution both 
the development of upwelling and marine productivity off NW Africa and the climate history in 
the continental hinterland. Totally unexpected on the other hand was the recovery of only some 
pieces of volcanic debris and corals at 2 sites in the northern part of this working area. Multiple 
successful multinet and rosette casts completed the scientific activities in the Cape Ghir region. 
After transit to the Moroccan continental margin at around 28°N stations work was continued, 
now under mostly pleasant atmospheric conditions, on Monday May 19, north of Cape Yubi 
(working area A2). Here, as well as south of Cape Bojador (working area A3), main objective 
has been the sampling of sediments on the broad shelves. Despite extended surveys with the 
ship’s Parasound echosounding system, no appropriate locations could be identified for this pur-
pose, though. Attempts to penetrate the thin layers of recent deposits overlaying steeply inclined 
Mesozoic formations with the large box corer and gravity corer all failed and several times 
deformed devices were retrieved on deck containing minimal quantities of coarse sand. Strong 
bottom current apparently prevent the accumulation of finer grained material on these shelves 
and also on the upper continental slope to about 500 m water depth. 
In clear contrast, multicorer and gravity corer deployments in deeper waters were always suc-
cessful and a number of high quality sediment series could be recovered for the various research 
interests in both working areas. A total of 20 station had been occupied between about 25 and 
31°N at the African continental margin, when R/V METEOR set course to Las Palmas ending 
the first part of Leg M 58/2.  
During the short port call in Las Palmas on May 24 and 25 several scientists have been 
replaced and additional instrumentation, among others a ‘Remotely Operated Vehicle‘ (ROV)
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 Figure 2 R/V METEOR Cruise M 58/2 track and station chart. Black dots denote locations of 
sediment and/or water column sampling, black lines transit routes with Parasound 
and Hydrosweep. 
 
During the short port call in Las Palmas on May 24 and 25 several scientists have been 
replaced and additional instrumentation, among others a ‘Remotely Operated Vehicle‘ (ROV) 
and numerous equipment for sediment trap moorings, was taken on board. In the first working 
area (B1) of the second part of Leg M 58/2 a transect from the deep sea to the shelf off Dahkla 
comprised 6 stations (GeoB 8622 to 8627). After Parasound and Hydrosweep surveys, the 
multicorer and gravity corer and also the multinet and rosette were most always successfully 
operated in water depths from about 4000 to 900 m. The sediment sequences recovered spe-
cifically appealed to the geochemists and geophysicists as they showed more and more distinct 
effects of diagenetic processes on approaching the continent and the centers of elevated marine 
productivity. Soon a wealth of diagnostic data was available for a preliminary yet detailed 
characterization of the regional sedimentation and alteration regime. 
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Highlight during the second half of the third week at sea was the recovery and redeployment 
of the sediment trap moorings CB13 / CB14 some 200 nm west of Cape Blanc (Mauritania). This 
mesotrophic station at around 21°N / 21°W is operational since 1988. Its long-term observations 
particularly aim at documenting a possible influence of the large-scale climate variability in the 
North Atlantic on the NW African upwelling systems. CB13 had been installed more than a year 
ago by R/V METEOR. It was now retrieved with both the upper and lower traps, positioned in 
1200 and 3600 m water depth, respectively, carrying complete series of the last 12 months’ par-
ticle sedimentation which, compared to recent years, has been rather low and less seasonally 
controlled. CB14 subsequently deployed at the same position will be retrieved next spring. The 
standard sampling scheme of the water column with the multinet and rosette was supplemented 
at the CB station (GeoB 8628) by a first operation of the in situ pumps for chemical analyses of 
trace elements and a detailed vertical profile of the particle camera to 3000 m water depth. 
The scientific activities of the cruise were completed with a tight schedule at 10 stations in the 
Cape Blanc region (GeoB 8629 to 8639, working area B2). Of central importance was locality 
GeoB 8633 in direct vicinity of the former Ocean Drilling Program Site 658 (Leg 108, 1986). 
Including an echographic pre-site survey, it took more than one and a half days there to succes-
sively put all types of devices to use. The multicorer recovered complete tube series of surface 
sediments, the gravity corer a more than 15 m long sediment sequence and the multinet, rosette 
and in situ pumps plenty of samples from the water column. Finally, also the particle camera and 
ROV Cherokee were successfully deployed. With all these data and material the eutrophic envi-
ronment shall be perfectly defined for the new sediment trap mooring CBi1 in around 2700 m 
water depth that will monitor the marine productivity in the upwelling system off Mauritania as 
well as the influx of terrigenous material transported by the NE trade winds from Africa during 
the next 12 months. 
Vertical profiling in the water column with the particle camera and the ROV was the main 
task at several other stations, mostly in shallower water on the upper continental slope. Prime 
objectives of the optical measurements, selective sampling and subsequent analysis of the sink-
ing and suspended material were to improve the at present still inadequate understood formation 
of aggregates and their vertical and lateral transport in the ocean. Information about the settling 
velocities of individual particle clouds was obtained with repeated deployments of both devices 
at different stations. For a quantitative balancing of the particle fluxes and an advanced insight of 
their steering processes the data sets collected will be interpreted together with sediment trap 
records and satellite images of the pigment concentration in the surface waters. During the final 
days at sea, the trade winds considerably intensified again to the extent that a secure operation of 
the ROV was no more possible and further planned operations had to be canceled. 
R/V METEOR safely returned to Las Palmas in the morning of Sunday June 8, 2003 com-
pleting Leg 2 of Cruise M 58. The scientific party gratefully acknowledges the friendly and most 
effective cooperation with Captain Papenhagen, his officers and crew. Their as always perfect 
technical assistance substantially contributed to make this cruise a scientific success. We also 
appreciate the valuable support by the Leitstelle METEOR at the University of Hamburg. The 
work was funded by the Deutsche Forschungsgemeinschaft. 
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4 Preliminary Results 
4.1 Underway Hydroacoustics 
(A. Gerriets) 
PARASOUND 
The hydroacoustic PARASOUND system (ATLAS Hydrographic) is permanently installed on 
R/V METEOR. It simultaneously achieves two tasks, (a) water depth is determined by high fre-
quency (18 kHz) narrow beam sounding and; (b) seismograms of the upper sedimentary layers 
are recorded by low frequency (2.5 to 5.5 kHz) sediment echosounding to maximum depths of 
about 200 m below seafloor. For the sub-bottom profiling, PARASOUND makes use of the 
parametric effect. Two high frequency acoustic waves of sufficient amplitude interact non-line-
arly to generate a low frequency signal propagating within the narrow emission cone of the pri-
mary high frequencies limited to an angle of 4° for the actual equipment. Hence, the effective 
footprint diameter on the seafloor, 7% of the water depth, is much smaller than for conventional 
echosounding systems and vertical as well as lateral resolution are significantly enhanced. 
The PARASOUND system sends out bursts of pulses until their echo is received and 
recorded. Due to this discontinuous mode, acoustic coverage of the sedimentary structures pri-
marily depends on water depth along the ship’s track. Data acquisition is performed with the 
ParaDigMA unit developed at the University of Bremen, serving as the PARASOUND front end 
together with a control panel. Its software effects digitization and storage of acoustic soundings 
as well as their online visualization. 
On this cruise the PARASOUND system has been operated on a 24 hour schedule almost 
trouble free from deep sea (> 3000 m water depth) to shallow shelf sea (< 50 m water depth) 
environments (Table 1). The immediately available results provided very valuable information 
about the sedimentary cover and structure. They were successfully used for locating coring sites 
and for the further cruise planning. The routine procedure was to run PARASOUND surveys 
with a speed of ~10 knots during night time and to select a number sampling locations on this 
basis in the early morning which then have been occupied during the day. 
 
Table 1 PARASOUND and HYDROSWEEP operations during Cruise M 58/2. 
Leg Acquisition 
Date 
2003 
Time 
[UTC] 
Latitude 
[N] 
Longitude 
[W] 
Start 15.05. 11:04 28°17.80’ 15°11.21’ M 58/2A 
End 23.05. 23:00 27°02.97’ 15°38.29’ 
      
Start 26.05. 06:58 26°10.80’ 17°44.00’ 
M 58/2B 
End 07.06. 22:45 26°50.40’ 15°02.00’ 
 
The source signal was a 2 - 6 kHz band limited sinusoidal wavelet of 4 kHz dominant 
frequency with a duration of 2 periods (~ 500 µs total length). The seismograms were sampled at 
a frequency of 40 kHz, with a typical registration length of 266 ms corresponding to a depth 
window of 200 m. During shallow water profiling in shelf areas, the recording window was 
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temporarily reduced to 133 ms. For the online visualization, the echogram sections have been 
filtered with a wide band pass filter to improve the signal-to-noise ratio. In addition, the data 
were normalized to a constant level much smaller than the average maximum amplitude thus 
amplifying deeper and weaker reflections. Since ParaDigMA provides a colored online plot, the 
b/w analogue printout of the DESO 25 device has not been operated during this cruise. 
The unprocessed PARASOUND raw data were stored in digital PS3 format on CD-ROM and 
DAT-DDS2 cartridges. They are archived at the University of Bremen together with the original 
online plots, tables with navigation data and the handwritten operator protocols. Post-processing 
of the PARASOUND data, as illustrated in Figures 3 to 5, has been performed with the applica-
tion software SeDruck (developed 1993 by V. Spieß) and SeNT (developed 2000 by H. von 
Lom). 
A wide variety of morphologies and sedimentation patterns was encountered at the African 
continental margin, where large areas are characterized by different down slope sediment trans-
port processes. As an example Figure 3 shows the PARASOUND record of a mass flow deposit 
in the Cape Bojador region. The signal penetration is about 50 m. Regular overlapping hyperbo-
lae and slightly varying vertex elevations in the mass flow unit sharply contrast with the 
surrounding well layered, undisturbed sediments displaying wavy surface echoes and continuous 
internal reflectors. The boundaries of the mass flow are clearly delimited confirming that the 
PARASOUND system is perfectly suited for surveying and mapping such deposits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 PARASOUND record of a mass flow deposit at the outer African continental margin 
in the Cape Bojador region (26°35.00’ N / 15°53.00’ W). 
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Figure 4 PARASOUND record of the African continental slope between Cape Ghir and Cape 
Yubi (29°04.27’ N / 12°39.88’ W). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 5 PARASOUND record of the shallow shelf area north of Cape Yubi (28°48.00’ N / 
11°25.00’ W). 
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Figure 4 illustrates the rough morphology on the continental slope about halfway between 
Cape Ghir and Cape Yubi in water depths between 1100 and 1450 m. The irregular surface is 
incised by furrows and channels of various dimensions. Several continuous strong and weak 
internal reflector bands are discernible up to a penetration depth of around 50 m. 
In all shelf areas surveyed with PARASOUND profiles, the surface reflector was extremely 
strong, the seafloor almost impenetrable (Fig. 5). Where present, thin layers of recent deposits 
overlay steeply inclined much older formations. The minor amounts of coarse sediments recov-
ered with the large box corer and gravity corer in these environments perfectly correspond to the 
PARASOUND observations. 
 
HYDROSWEEP 
The swath bathymetric system HYDROSWEEP (ATLAS Hydrographic) was used for water 
depth mapping. Its total swath width of 90° achieves a coverage of twice the water depth. Oper-
ating 59 beams of pre-defined angles at 15.5 kHz, a calibration mode compares central and outer 
beam depths to calculate a mean, best fit sound velocity. Refraction effects on the outer beams 
are suppressed by this method and minimize residual errors to smaller than 0.5 % of water depth. 
Processing of the bathymetric data was performed with the public domain software MultiBeam 
(Linux, Unix OS). 
The HYDROSWEEP system was continuously operated during Cruise M 58/2 and serviced 
by the PARASOUND operator. Depending on course and wind conditions, HYDROSWEEP 
measurements are of variable quality on R/V METEOR. Especially during periods of strong 
portside waves the bathymetric data recording of the multibeam echosounder was regularly 
inadequate. 
 
 
 
4.2 Sedimentology 
4.2.1 Sediment Sampling 
(T. Bickert, K. Dehning, V. Epplé, P. Franke, T. Freudenthal, M. Klann, H. Müller, 
 H. Paulsen, R. Tjallingii, A. Wülbers) 
A multicorer, a box corer and a gravity corer were used to recover surface and late Quaternary 
sediments at 25 stations on the NW African continental slope between 20 and 31°N. Detailed 
information on locations, deployed devices and recovery is summarized in the stations list 
(Chapter 8). 
 
Multicorer and Box Corer 
The multicorer is designed to recover undisturbed surface sediment sections together with the 
overlying bottom water. The device used during Cruise M 58/2 was equipped with 8 large and 4 
small (10 and 6 cm inner diameter, respectively) 60 cm long plastic tubes. Generally 10 to 12 
tubes were filled with more than 25 cm of sediment. Even in the coarse grained sediments at the 
upper NW African continental slope, more than 15 cm long sections were recovered. Only at 4 
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stations (GeoB 8605, 8609, 8615 and 8616), all located in shallow water depth on the shelf, 
coarse-grained sediments and shell layers prohibited a regular recovery. At four stations, the box 
corer (50 x 50 cm) was used and sampled analogous to the multicorer (see Table 2). 
 
 
Table 2 Multicorer and box corer sampling (L = large tube of 10 cm diameter, S = small tube 
of 6 cm diameter). 
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8601-1 MUC 25 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8603-2 GKG 28 2 L , 1 S 2 L 1 S 1 L 1 L 1  L 1 L , 1 S 1 S 
8604-3 MUC 19 3 L , 2 S 2 L 1 S 1 L 1 L - 1 L , 1 S 1 S 
8605-1 MUC 0 - - - - - - - - 
8606-2 MUC 16 3 L , 2S 2 L 1 S 1 L 1 L - 1 L , 1 S 1 S 
8607-2 MUC 33 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8608-4 MUC 16 3 L , 2 S 2 L 1 S 1 L 1 L - 1 L , 1 S 1 S 
8609-2 GKG 0 - - - - - - - - 
8610-2 MUC 14 2 L , 1 S 2 L 1 S 1 L 1 L - 1 L , 1 S 1 S 
8611-3 MUC 14 4 L , 1 S 2 L 1 S 1 L 1 L - 1 L , 1 S 1 S 
8612-2 MUC 21 3 L , 1 S 2 L 1 S 1 L 1 L - 1 L , 1 S 1 S 
8613-7 MUC 21 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8614-2 MUC 17 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8615-2 GKG 17 - 1 L 1 S 1 S - - - 1 S 
8616-2 GKG 8 - - - - - - - - 
8619-2 MUC 15 3 L , 1 S 2 L 1 S 1 L 1 L 1 L - 1 S 
8620-2 MUC 15 3 L , 2 S 2 L 1 S 1 L 1 L - - 1 S 
8622-2 MUC 35 2 L , 1 S 2 L 1 S 1 L 1 L - - 1 S 
8624-1 MUC 17 2 L , 1 S 2 L 1 S 1 L 1 L - - 1 S 
8625-1 MUC 20 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8626-2 MUC 24 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8627-2 MUC 17 2 L , 1 S 2 L 1 S 1 L 1 L - - 1 S 
8630-8 MUC 24 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8631-8 MUC 20 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
8633-4 MUC 34 2 L , 1 S 2 L 1 S 1 L 1 L 1 L 1 L , 1 S 1 S 
 
Whenever possible, sampling of the multicorer followed a standard scheme: 
• 2 large tubes were cut into 1 cm slices and stained with bengal rose to study benthic fora-
miniferal assemblages, 
• 1 small tube was cut into 1 cm slices and stained with bengal rose to study planktic fora-
miniferal assemblages, 
• 1 large tube was cut into 1 cm slices for dinoflagellate analysis, 
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• 1 large tube was cut into 1 cm slices and frozen for organic carbon geochemistry, 
• 1 large tube was cut into 1 cm slices for X-ray fluorescence elemental analysis, 
• pore waters of 1 large and 1 small tube were geochemically analyzed, 
• 1 small tube was preserved for sediment geophysical investigations, 
• 2 large and 1 small tubes were frozen as archive cores, 
• 50 ml of bottom water were sampled for carbon and oxygen isotope analysis. 
 
Gravity Corer 
In order to obtain long sediment series, a gravity corer with pipes of 6, 9, 12, 15 or 18 m length 
and a weight of 1.5 tons on top was used. In total some 179 meter of sediments were recovered 
with the gravity corer during Cruise M 58/2. Individual core lengths varied between 386 and 
1536 cm, except for two shorter sequences from bent pipes. Before use, all core liners have been 
marked with a straight line to retain a common azimuthal orientation of the core segments for 
paleomagnetic purposes. After recovery, the core liners were cut into 1 m long segments, sealed 
with caps at both ends and inscribed (Fig. 6) 
 
 
 
210 GeoB 8612-1   Archive 310
210 GeoB 8612-1   Work 310
8612-1 W 
310
8612-1 A 
310
Cap
paleomagnetic orientation line
8612-1 W  
210
8612-1 A 
210
Cap
 
Figure 6 Inscription scheme of gravity core segments. 
 
Following the shipboard whole core geophysical measurements (Chapter 4.3), the segments 
were cut along-core into a work and an archive half. Immediately after core opening, digital 
color reflectance data were routinely recorded at 31 wavelengths in the visible light range (400 -
700 nm) on the archive halves using a hand held Minolta CM-2002 spectrophotometer. Prior to 
every measurement of a core segment at 2 cm intervals, the instrument was adjusted to 100 % 
reflectance by attaching a white calibration cap. The sediment surfaces were carefully scraped to 
expose a fresh, clean surface and covered with a thin transparent film (Hostaphan) to avoid any 
contamination. The data files have subsequently been transferred to a PC. Also on the archive 
halves the sediments were described and smear slide samples picked from representative hori-
zons. A graphic representation of each core is included to this report (Figs. 8a to 25a). 
From the work half a series of syringe samples (10 ccm) was collected at 5 cm depth intervals 
for shore based measurements of physical properties, mineralogy and organic geochemistry. 
Another series of 7 ccm cubes taken at 5 cm intervals is to study the sediment’s natural magneti-
zation and magnetic mineral inventories. In selected cores a series of syringe samples was col-
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lected at 5 cm depth intervals for X-ray analysis of the solid phase elemental composition (see 
Chapter 4.4.1). Furthermore, each 25 cm a 40 ccm sample for pore water geochemical analysis 
has been taken together with a 10 ccm sample for geochemical compound determination (see 
Chapter 4.4.2). The gravity core sampling is summarized in Table 3. 
Work and archive halves were ultimately stored at +4° C and shipped to the core repository 
of the Department of Geosciences, University of Bremen, at this temperature. 
 
Table 3 Gravity core sampling. 
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8601-3 921 797 x x x x x x 
8603-3 500 386 x x x x x x 
8604-2 883 997 x - x - - x 
8606-3 1222 881 - - - - - - 
8606-5 1223 920 x - x - - x 
8607-1 1072 926 x x x x x x 
8608-5 974 966 x - x - - x 
8611-2 489 527 x - x - - x 
8612-3 790 820 x - x - - x 
8613-5 1078 75 - - - - - - 
8613-6 1075 930 x x x x x x 
8614-3 1446 1121 x x x x x x 
8619-3 1347 772 x x x - - x 
8620-3 1871 990 x - x - - x 
8622-7 3957 871 x - x - - x 
8625-2 1294 875 x x x x x x 
8626-1 2257 1157 x x x x x x 
8627-2 2669 1248 x - x - - x 
8630-9 1328 957 x x x x x x 
8631-9 503 139 - - - - - - 
8633-5 2700 1536 x x x x x x 
 
 
 
4.2.2 Lithologic Core Summary 
(T. Bickert, H. Paulsen, R. Tjallingii) 
Figures 8a to 25a illustrate the preliminary lithologic summaries of the gravity cores recovered 
during Cruise M 58/2. They include details of the visual descriptions, colors according to the 
Munsell soil color chart as well as sedimentary structures and unique features, following ODP 
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conventions (GRAHAM & MAZULLO, 1988). Lithological data are primarily based on exami-
nations of smear slides taken from selected horizons (Table 4). Smear slides were prepared using 
Norland Optical Adhesive 61 as mounting medium (refractory index of 1.56), dried with UV 
light for 10 minutes. Slides were studied at 400x magnification on an Olympus BH-2 petrolo-
gical microscope along two perpendicular profiles through the central area of the cover slip. 
Sediment classification follows the ODP terminology. Also displayed are core logs of different 
physical properties and geochemical element analyses. 
 
Cape Ghir (Cores GeoB 8601-3 through GeoB 8607-1) 
Between 30.8 and 31.3°N several cores were taken at the NW African upper continental slope to 
retrieve continuous high-resolution late Pleistocene to Holocene sediment sequences. The sites 
were selected at the edges of the Agadir Canyon and of a second canyon west of Cape Chir in 
water depth between 500 and 1220 m. 
The sediments of the two cores north of the Agadir Canyon (GeoB 8601-3 and GeoB 8607-1) 
consist of olive brown to dark greenish gray soft and fine grained nannofossil oozes or mud with 
a small amount of foraminifera shells and quartz grains. The occurrence of sand sized basaltic 
fragments and silt sized volcanic glass are attributed to the activity of the nearby Canary Island 
volcanoes. Small turbidite layers do not disturb the almost homogenous sequences of these cores. 
The intense down slope transport of suspensions within the canyon system should provide a high 
time resolution of the hemipelagic sediment sequences. For a near-by located site (GeoB 6007) 
sedimentation rates of up to 80 cm/kyr have been estimated. Therefore, the 7.97 and 9.26 m long 
new cores promise the recovery of at least a complete Holocene sections. 
Cores GeoB 8603-3, 8604-2 and 8606-6 retrieved olive brown soft and fine-grained mud 
alternating with grayish brown foram bearing nannofossil clay. Small amounts of quartz grains, 
rock and shell fragments indicate a sediment supply from the nearby African shelf. A slump in 
the upper part of core GeoB 8603-3 may have eroded an uncertain amount of sediments at this 
location. However, the two other cores exhibit undisturbed sequences of late Pleistocene age. 
 
Cape Yubi (Cores GeoB 8608-5 through 8614-3) 
In a second area at the NW African continental slope further cores were taken north and south-
west of Cape Yubi at about 27.5 and 28.6°N. As in the Cape Ghir area, locations have been 
selected in intermediate water depth between 490 and 1450 m to retrieve high-resolution sedi-
ment sequences of at least Holocene age. 
As a result, four of these five cores (GeoB 8608-5, 8612-3, 8613-6, and 8614-3) exhibit 
almost undisturbed sediment columns of fine-grained, soft olive mud alternating with brown to 
grayish brown nannofossil clay containing various amounts of quartz sand often concentrated in 
small pockets or burrows. Brown colors in uppermost part of all cores indicate the presence of 
iron oxides, also accompanied by relatively high magnetic susceptibilities of up to 320·10-6 SI. A 
slump below 5.83 m in core GeoB 8612-3 prevents further continuous recording of late Pleisto-
cene deposition, the other cores promise excellent sequences of hemipelagic sediments. The last 
core off Cape Yubi (GeoB 8611-2) mainly consists of turbidite layers documenting the well 
known down slope mass transport along the NW African continental margin. 
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Cape Bojador (Cores GeoB 8619-3 and 8620-3) 
In a third area at the NW African continental slope two cores were taken southwest of Cape 
Bojador at about 25.5°N. Again, the cores were selected in intermediate water depth between 
1350 and 1870 m. 
The sediments of these two cores consist of olive gray foraminifer bearing nannofossil ooze 
alternating with light olive gray nannofossil ooze. Thin turbidite layers seem to have not severely 
disturbed the late Pleistocene sediment sequences. Streaks of manganese or pyrite are common 
in these sediments indicating geochemical microenvironments associated with bioturbation. 
Compared to the cores off Cape Ghir and Cape Yubi, the higher reflectance of these two cores 
imply a higher carbonate content and smaller amounts of organic carbon in the sediments. Also, 
the supply of terrigenous materials seems to be reduced compared to the sediments at the north-
ern sites. 
 
Off Dakhla (Cores GeoB 8622-7 through 8627-1) 
At about 23.5°N, a core transect from the deepest part of the NW African continental margin 
(water depth 3960 m) to the uppermost slope (water depth 864 m) was taken west of Dakhla.  
The deepest core (GeoB 8622-7) consists of pale brown to light gray and even white layers of 
nannofossil ooze with several layers of  quartz sand. The rapid change in colors, the missing 
oxydation horizont on top and the white nannofossil sections uncommon in late Pleistocene con-
tinental margin sediments, suggest that this core documents a redeposition of continental slope 
sediments. The second somewhat shallower core (GeoB 8627-1, 2668 m) exhibits an almost 
continuous section of light brownish gray to olive gray foraminifer bearing nannofossil ooze, 
interrupted only by one small turbidite layer between 1.47 and 1.61 m core depth. The equiva-
lence of the reflectance record to well known carbonate sediments in the deep Atlantic indicates 
that this core might contain a complete late Pleistocene section down to marine oxygen isotope 
stage 7.1. A similar sequence in the nearby, but somewhat shallower positioned core GeoB 8626-
1 (2251 m) might represent a comparable section of continental slope sediments reaching at least 
marine isotope stage 5.3 with an approximately twofold time resolution due to a higher sediment 
accumulation. However, the entire sediment column is semi-consolidated indicating an early 
diagenetic overprint at this site. GeoB 8625-2, the shallowest core, retrieved an almost uniform 
sequence of olive colored soft quartz- and foraminifer bearing nannofossil clay, bioturbated 
throughout. Since this site is already close to the modern upwelling area off Cape Blanc, we 
expect these sediments to represent a high-resolution sequence of late Quaternary biogenic oozes 
related to this high-productive regime. 
 
Cape Blanc (Cores GeoB 8630-9 through 8633-5) 
In the last working area at the NW African continental slope further cores were taken at about 
21°N off Cape Blanc to recover continuous late Pleistocene to Holocene sediment sequences. 
The sites were positioned along a bathymetric transect in water depth between 2700 and 500 m. 
Similar to the section west of Dakhla located some 2.5° further north, the deepest core GeoB 
8633-5 (2699 m) represents a late Pleistocene section of continental slope sediments reaching at 
least marine isotope stage 5.3 in even higher resolution than core GeoB 8626-1 in a comparable 
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Figure 7 Legend for visual core descriptions. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8601-3 Date:  16.05.03    Pos:  30°50.9´N  10°16.1´WWater Depth:  921 m  Core Length:  7.97 m
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Figure 8a Description of gravity core GeoB 8601-3. 
 
 
 
 
 
 
 
 28
30 80 130 180
Susceptibility [10-6 SI]
8
7
6
5
4
3
2
1
0
D
ep
th
 [m
]
40 50 60 70
Porosity [%]
150 200 250
Reflectance [0-765]
1.6 1.8 2 2.2
Red / Blue Ratio
8
7
6
5
4
3
2
1
0
GeoB 8601-3 Date: 16.05.03 Position: 30° 50.9' N 10° 16.1' WWater Depth: 921 m
no data
Core Length: 7.97 m
 
 
 
 
Figure 8b Physical properties data of gravity core GeoB 8601-3. 
 
 
 
 
 
 
 
 29
Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8603-3 Date:  17.05.03    Pos:  31°11.0´N  10°27.1´WWater Depth:  499 m  Core Length:  3.86 m
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Figure 9a Description of gravity core GeoB 8603-3. 
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Figure 9b Physical properties data of gravity core GeoB 8603-3. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8604-2 Date:  17.05.03    Pos:  30°57.4´N  10°31.3´WWater Depth:  883 m  Core Length:  9.97 m
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Figure 10a Description of gravity core GeoB 8604-2. 
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Figure 10b Physical properties data of gravity core GeoB 8604-2. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8606-6 Date:  18.5.03    Pos:  31°00.2´N  10°44.6´WWater Depth:  1223 m  Core Length:  9.20 m
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Figure 11a Description of gravity core GeoB 8606-6. 
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Figure 11b Physical properties data of gravity core GeoB 8606-6. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8607-1 Date:  18.5.03    Pos:  30°54.7´N  10°21.7´WWater Depth:  1072 m  Core Length:  9.26 m
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sand
115 - 280 cm: olive soft clay, black streaks of 
Mn
280 - 300 cm: olive brown quartz-bearing mud
300 - 228 cm: olive quartz, shell fragments and 
foram bearing mud 
671 - 673 cm: olive sandy foram-bearing mud
328 - 360 cm: turbidite
626 - 730 cm: olive foram-bearing mud
360 - 540 cm: olive mud 
730 - 750 cm: olive sandy mud
750 - 910 cm: olive quartz-bearing clay
878 - 899 cm: turbidite grading from olive grey 
clay to olive grey sandy mud downcore
910 - 927 cm: olive gray quartz-bearing clay
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Figure 12a Description of gravity core GeoB 8607-1. 
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Figure 12b Physical properties data of gravity core GeoB 8607-1. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8608-5 Date:  19.05.03    Pos:  28°48.0´N  12°59.9´WWater Depth:  974 m  Core Length:  9.66 m
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5/2
10 YR 5/2
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4/2
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5/3
5 Y 5/3
5 Y 6/2
0 - 4 cm: yellowish brown, very soft nannofossil 
ooze
4 - 70 cm: brown, soft homogeneous 
nannofossil ooze, strongly bioturbated
70 - 150 cm: foraminifera-bearing nannofossil 
ooze with streakes of Mn, color changing from 
olive brown to olive, bioturbated
150 - 347 cm: olive gray, soft nannofossil ooze, 
homogeneous
347 - 420 cm: olive gray, soft, foraminifer-
bearing nannofossil ooze, inhomogeneous in 
color, organic material
420 - 610 cm: nannofossil ooze, 
inhomogeneously colored, color changes 
coincide with burial structures
610 - 664 cm: grayish brown foraminifer-
bearing nannofossil ooze, burials filled with 
coarser material
664 - 966 cm: grayish brown, semiconsolidated 
nannofossil ooze, color changes to brown, light 
olive brown and dark yellowish brown
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Figure 13a Description of gravity core GeoB 8608-5. 
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Figure 13b Physical properties data of gravity core GeoB 8608-5. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8611-2 Date:  20.05.03    Pos:  28°47.7 ´N  12°40.9 ´WWater Depth:  489 m  Core Length:  5.27 m
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2.5 Y 5/3
10 YR 5/3
2.5 Y 5/3
5 Y 5/4
0 - 24 brown, semiconsolidated mica- and 
nannofossil-bearing clay, homogeneous, slightly 
bioturbated
254 - 323 cm: brown, soft, muddy to fine sandy 
turbidite, with mud clasts between 306 and 310 
cm
323 - 370 cm: brown to olive, soft, muddy to 
fine sandy turbidite, sharp erosional contact at 
bottom
446 - 527 cm: light olive brown, soft, 
nannofossil bearing sandy clay, slightly 
bioturbated
422 - 446 cm: olive, soft, fine sandy turbidite
370 - 422 cm: brown, semiconsolidated 
nannofossil clay, slightly bioturbated, streakes 
of Mn
24 - 254 cm: brown to olive soft turbidite, quartz 
bearing clayey foraminiferal sand in its lower 
part (170 cm), sharp erosional contact at the 
bottom
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Figure 14a Description of gravity core GeoB 8611-2. 
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Figure 14b Physical properties data of gravity core GeoB 8611-2. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8612-3 Date:  20.05.03    Pos:  28°48.1´N  12°51.6´WWater Depth:  790 m  Core Length:  8.20 m
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0 - 180 cm: soft silty nannofossil-bearing mud, 
slightly bioturbated, color grading from pale 
brown to brown to olive
180 - 208 cm: olive foraminifera- and 
nannofossil-bearing mud, inhomogeneous, 
slightly bioturbated
208 - 216 cm: olive sandy mud, homogeneous, 
slightly bioturbated
216 - 270 cm: olive mud, homogeneous, color 
change to brown (2.5 Y 5/3) between 230 and 
255 cm, slightly bioturbated
270 - 293 cm: light olive brown mud, pockets of 
olive brown (2.5 Y 4/3) mud between 275 and 
285 cm
293 - 390 cm: brown soft mica-bearing mud, 
- pockets of olive brown (2.5 Y 4/3) silty clay 
between 293 and 313 cm,
- pockets of light olive gray (2.5 Y 5/3) sandy 
clay between 345 and 375 cm
390 - 418 cm: brown sandy clay
418 - 468 cm: brown, soft nannofossil clay, 
homogeneous, slightly bioturbated
468 - 502 cm: olive silty clay with 
mud clasts 
brown (10 YR 
5/3) 
502 - 583 cm: brown, soft nannofossil clay, 
pockets of olive (5Y 5/3) sandy clay
583 - 820 cm: slump structure: nannofossil clay 
with intervals dominated by sandy mud at
583 - 596 cm,
625 - 648 cm,
683 - 692 cm and 
760 - 780 cm 
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Figure 15a Description of gravity core GeoB 8612-3. 
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Figure 15b Physical properties data of gravity core GeoB 8612-3. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8613-6 Date:  21.05.03    Pos:  27°32.2´N  13°44.2´WWater Depth:  1075 m  Core Length:  9.30 m
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0 - 210 cm: grayish brown, soft, nannofossil-
bearing mica clay, streaks of Mn, burial 
structures (slightly more greenish), bioturbated
210 - 362 cm: olive quartz-bearing nannofossil 
clay, intense Mn streaking between 210 and 
230 cm, strong bioturbation and many shell 
fragments between 230 and 250 cm
362 - 580 cm: olive gray nannofossil-bearing 
sandy clay
580 - 800 cm: mud with quartz, nannofossils 
and shell fragments, inhomogeneous in color 
(olive gray and olive), bioturbated
800 - 930 cm: shell fragment-bearing mud, 
several color changes from olive to olive gray
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Figure 16a Description of gravity core GeoB 8613-6. 
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Figure 16b Physical properties data of gravity core GeoB 8613-6. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8614-3 Date:  21.05.03    Pos:  27°32.1´N  13°51.0´WWater Depth:  1440 m  Core Length:  11.21 m
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0 - 120 cm: brown, soft mica and nannofossil-
bearing clay with foraminifers, slightly 
bioturbated; Mn streakes below 70 cm
120 - 750 cm: olive, soft, silty quartz-bearing 
clay with nannofossils and foraminifera, Mn-
mottles, slightly bioturbated, some darker layers
750 - 1110 cm: nannofossil mud
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Figure 17a Description of gravity core GeoB 8614-3. 
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Figure 17b Physical properties data of gravity core GeoB 8614-3. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8619-3 Date:  23.05.03    Pos:  25°26.9´N  16°20.7´WWater Depth:  1347 m  Core Length:  7.72 m
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0-19 cm: light olive brown to grayish brown, 
soft, foraminifera nannofossil ooze
19 - 261 cm: light olive gray 
nannofossil-bearing clay, bioturbated 
(burial structures filled with coarser sediment), 
black streakes of Mn
(238 - 261 cm pale 
olive) 
261 - 298 cm: olive foraminifera- and 
nannofossil-bearing mud
298 - 352 cm: olive gray foramnifera 
nannofossil ooze, bioturbated
352 - 638 cm: light olive gray nannofossil ooze, 
bioturbated, black streakes of Mn
638 - 747 cm: turbidite: foraminifera nannofossil 
ooze
747 - 772 cm: foraminifera-bearing nannofossil 
ooze
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Figure 18a Description of gravity core GeoB 8619-3. 
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Figure 18b Physical properties data of gravity core GeoB 8619-3. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8620-3 Date:  23.05.03    Pos:  25°21.6´N  16°32.3´WWater Depth:  1871 m  Core Length:  9.90 m
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0 - 28 cm: foraminifera-, quartz- and mica-
bearing nannofossil ooze, color changing from 
pale brown to light brownish gray to olive, iron-
rich horizons at 9, 12, 16 and 21 cm
28 - 308 cm: 
nannofossil ooze, bioturbated, streakes of Mn 
pale olive to light olive gray 
308 - 318 cm: turbidite: dark gray volcanic 
glass-bearing nannofossil ooze at bottom (314 - 
318 cm), admixture of overlying layer at top 
(308 - 314 cm)
318 - 508 cm: pale olive to light olive gray 
nannofossil ooze, bioturbated, streakes of Mn
508 - 515 cm: turbidite: light gray foraminifera-
bearing nannofossil ooze
515 - 735 cm: light olive gray to light gray to 
olive foraminifera-bearing nannofossil ooze, 
varying bioturbation
735 - 968 cm: olive foraminifera-bearing 
nannofossil ooze, homogeneous (pale olive 
from 963 - 968 cm)
968 - 990 cm: light gray to light olive gray 
nannofossil foraminifera ooze, bioturbated
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Figure 19a Description of gravity core GeoB 8620-3. 
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Figure 19b Physical properties data of gravity core GeoB 8620-3. 
 
 51
GeoB 8622-7 Date:  27.05.03    Pos:  23°30,6´N  20°12,3´WWater Depth:  3959 m  Core Length:  870 cm
Lithology
Lithol.   Struct.   Color    Strat.
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0 - 868 cm: pale brown to light gray to white, 
soft nannofossil ooze, bioturbated, with several 
thin dark turbiditic sequences of foraminifera-
bearing quartz sand with erosional contacts at 
the bottom at
- 49 - 52 cm,
- 322 - 327 cm,
- 420 - 426 cm,
- 476 - 485 cm,
- 638 - 644 cm,
- 705 - 715 cm,
- 755 - 762 cm and
- 782 - 787 cm
and several darker layers at
- 13 - 17 cm,
- 29 - 37 cm,
- 141 - 143 cm,
- 248 - 287 cm,
- 295 - 303 cm,
- 587 - 606 cm,
- 610 - 616 cm and
- 755 cm
402 cm: reduction layer
499 cm: reduction layer
528 cm: reduction layer
571 - 572 cm: purple layer
630 - 634 cm: purple layer
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Figure 20a Description of gravity core GeoB 8622-7. 
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Figure 20b Physical properties data of gravity core GeoB 8622-7. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8625-2 Date:  28.05.03    Pos:  23°04.7´N  17°30.2´WWater Depth:  1294 m  Core Length:  8.78 m
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0 - 5 cm: soft, foramifera-
bearing nannofossil mud
olive brown, 
5 - 100 cm: soft, foraminifera-
bearing mud; slightly lighter 
in color where bioturbated, some 
bivalves (< 2mm) 
olive, 
nannofossil 
100 - 878 cm: olive, soft, quartz- and 
foraminifera-bearing nannofossil clay, 
some bivalves and bivalve fragments, 
bioturbated
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Figure 21a Description of gravity core GeoB 8625-2. 
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Figure 21b Physical properties data of gravity core GeoB 8625-2. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8626-1 Date:  28.05.03    Pos:  23°08.5´N  17°50.4´WWater Depth:  2254 m  Core Length:  11.57 m
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0 - 8 cm: no recovery
8 - 313 cm: foraminifera-bearing nannofossil 
ooze, soft, bioturbated, color is changing down 
core from light brownish gray to gray to light 
olive gray, black Mn streaks between 55 and 
102 cm
165 - 502 cm: stronger bioturbation, burials 
filled with shell fragments
175 cm: bivalve
502 - 1035 cm: nannofossil ooze, soft, 
bioturbated, intervals of olive and olive gray 
color
1035 - 1157 cm: foraminifera-
bearing nannofossil ooze, soft, bioturbated
olive gray 
780 - 830 cm: intesified Mn streaking
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Figure 22a Description of gravity core GeoB 8626-1. 
 
 
 56
0 50 100
Susceptibility [10-6 SI]
12
11
10
9
8
7
6
5
4
3
2
1
0
D
ep
th
 [m
]
55 65 75
Porosity [%]
100 300 500 700
Reflectance [0-765]
1.2 2.2 3.2
Red / Blue Ratio
12
11
10
9
8
7
6
5
4
3
2
1
0
GeoB 8626-1 Date: 28.05.03 Position: 23° 08.5' N 17° 50.4' WWater Depth: 2254 m Core Length: 11.57 m 
 
 
 
 
Figure 22b Physical properties data of gravity core GeoB 8626-1. 
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Lithology
Lithol.   Struct.   Color    Strat.
GeoB 8627-1 Date:  28.05.03    Pos:  23°12.0´N  18°10.3´WWater Depth:  2668 m  Core Length:  12.33 m
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Figure 23a Description of gravity core GeoB 8627-1. 
 
 58
0 50 100 150
Susceptibility [10-6 SI]
55 60 65 70 75
Porosity [%]
200 400 600 800
Reflectance [0-765]
1 1.8 2.6 3.4
Red / Blue Ratio
13
12
11
10
9
8
7
6
5
4
3
2
1
0
GeoB 8627-1 Date: 28.05.03 Position: 23° 12.0' N 18° 10.3' WWater Depth: 2668 m
13
12
11
10
9
8
7
6
5
4
3
2
1
0
D
ep
th
 [m
]
Core Length: 12.48 m
 
 
 
 
Figure 23b Physical properties data of gravity core GeoB 8627-1. 
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Lithology
Lithol.   Struct.   Color    Strat.
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Figure 24a Description of gravity core GeoB 8630-9. 
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Figure 24b Physical properties data of gravity core GeoB 8630-9. 
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Lithology
Lithol.   Struct.   Color    Strat.
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Figure 25a Description of gravity core GeoB 8633-5. 
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Figure 25b Physical properties data of gravity core GeoB 8633-5. 
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water depth. Some minor amounts of diatoms indicate the closer distance to the NW African 
upwelling at this site. Core GeoB 8630-9 from intermediate depth retrieved an almost uniform 
sequence of olive and soft foraminifer bearing nannofossil ooze, bioturbated throughout. Like in 
the northern core GeoB 8625-2, we expect these sediments to represent a high-resolution late 
Quaternary biogenic series related to this high-productive setting. The shallowest core GeoB 
8631-9 stuck into a hard layer of upper slope sediments. It thus recovered only a short sequence 
of soft, olive foraminifer and quartz bearing nannofossil ooze with some bivalves. 
 
 
 
4.3 Physical Properties Studies 
(L. Brück, T. Frederichs, C. Hilgenfeldt, F. Schmieder) 
All sediment series recovered during METEOR Cruise M 58/2 by gravity coring were subject to 
routine geophysical shipboard measurements performed on closed full cores or open core halves 
(GeoB 8601-3, 8607-1, 8613-6, 8614-3, 8625-1, 8626-1, 8630-9, 8633-5) comprising the three 
basic parameters 
− magnetic volume susceptibility κ,  
− electric resistivity Rs as a measure of porosity and density, and 
− spectral light reflectance. 
These properties, provided as high-resolution core logs with a standard spacing of 1 cm (2 cm 
in core GeoB 8601-3) for electric resistivity and magnetic susceptibility and 0.01 cm for light 
reflectance, are closely related to sediment lithology. They were measured with a customized 
GEOTEK Multi-Sensor Core Logger (MSCL) utilizing a stepper motor to convey core segments 
along the track and through a series of sensors. Positions and lengths are automatically detected. 
The separate logging measurements are controlled and rapidly collated by the system’s computer 
terminal. 
In addition, oriented cube samples for shore based rock and paleomagnetic studies were taken 
at 5 cm intervals. 
 
 
 
4.3.1 Physical Background and Experimental Techniques 
Magnetic Susceptibility 
Magnetic volume susceptibility κ is defined by the equations 
B = µ0·µr·H = µ0·(1 + κ)·H = µ0·H + µ0·κ·H = B0 + M 
with magnetic induction B, absolute and relative permeabilities µ0 and µr, magnetizing field H 
and volume magnetization M. As can be seen from the third term, κ is a dimensionless physical 
quantity. It records the amount to which a material is magnetized by an external magnetic field. 
For marine sediments magnetic volume susceptibility may vary from an absolute minimum of 
-15·10-6 SI (diamagnetic minerals such as pure carbonate or silicate) to a maximum of some 
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10 000⋅10-6 SI for basaltic debris rich in (titano-)magnetite. In most cases κ is primarily deter-
mined by the concentration of ferrimagnetic minerals, whereas paramagnetic matrix components 
such as clays are of minor importance. Enhanced susceptibilities indicate higher concentrations 
of lithogenic or authigenic compounds. This relation may serve for a correlation of sedimentary 
sequences deposited under similar global or regional conditions. 
The MSCL core logger is equipped with a BARTINGTON M.S.2 susceptibility meter and a 
125 mm loop sensor. Due to the sensor's size, its sensitivity extends over a core interval of about 
8 cm. Consequently, sharp susceptibility changes in the sediment column will appear smoothed 
in the κ core log and thin layers such as ashes cannot appropriately be resolved. For accurate end 
corrections at the top and base of each segment and to assess the drift of the susceptibility meter, 
a spacer cylinder of 29.5 cm length was placed between each two segments during the logging 
procedure. The measurements taken at the center of the spacer were used to compensate the 
instrument drift. During post-processing all data related to void sections were removed to pro-
vide a continuous composite core log. 
 
Electrical Resistivity and Porosity 
The sediment electrical resistivity Rs was determined using an inductive non-contact sensor. 
High frequency magnetic fields applied by a transmitter coil induce electrical eddy currents in 
the sediment that are proportional to conductivity. Their secondary field is recorded yielding raw 
and calibrated data for conductivity and resistivity. Porosity was calculated according to the 
empirical Archie’s equation 
Rs/Rw = k·φ-m 
approximating the ratio of sediment resistivity Rs and pore water resistivity Rw by a power func-
tion of porosity φ. Following a recommendation by BOYCE (1968), suitable for sea water satu-
rated clay rich sediments, values of 1.30 and 1.45 were used for the constants k and m, respec-
tively. The calculated porosity φ is subsequently converted to wet bulk density ρwet using the 
equation (BOYCE, 1976)  
ρwet = φ·ρf + (1 - φ)·ρm 
with a pore water density ρf of 1030 kg/m3 and a sediment matrix density ρm of 2670 kg/m3. For 
a uniform treatment of all cores, these empirical coefficients were not adapted to individual 
lithologies. Nevertheless, relative porosity and density changes should be well documented. 
The resistivity sensor averages over approximately 12 cm core length. Sediment temperature 
is continuously measured with a platinum thermocouple to compensate for temperature effects. 
Absolute sensor calibrations using a series of saline standards were performed daily. For subse-
quent drift and boundary corrections 29.5 cm long insulating spacers have been placed between 
the segments during logging. Thus, the characteristic decay of the eddy currents near the seg-
ment tops and ends was separately recorded in each case and corrected on basis of model curves. 
This method provides a continuous composite record, however, the first and last 2 to 3 data 
points from intersections were discarded due to some overshooting. It was only recognized after 
completing all measurements that especially long and heavy segments bow under their own 
weight while sliding over the guide bars. Thereby the distance between core and sensor undu-
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lates leading to systematically reduced porosities around segment centers discernable in some of 
the core logs. 
 
Light Reflectance 
Spectral light reflectance measures the relative amount of light reflected by a material under 
incident white light. It is expressed within an absolute range from 0 (minimum) to 255 (maxi-
mum) and specified as the average of the red (600-700 nm), green (500-600 nm) and blue (400- 
500 nm) color bands (RGB system). The reflectance properties of sediments relate to their 
chemistry and structure dominated by pigment trace constituents, typically Fe and Mn bearing 
minerals (clays, oxides, sulfides) and organic enrichments. Reflectance logs provide high-reso-
lution records of the terrigenous content (total reflectance) and redox state (red/blue ratio). 
Scanned at high spatial resolution, reflectance images yield sharp, undistorted true-color core 
photographs scarcely affected by undesirable artifacts known from conventional core photogra-
phy (shadows, reflections etc.). 
The digital imaging module of the GEOTEK MSCL consists of a camera containing three 
separate 3*1024 pixel CCD detectors mounted in the focal planes of split light beams about 40 
cm above the surface of the sediment and equipped with red, green and blue dichroic filters. 
Consecutively, strictly orthogonal line images of the split core surface are recorded. The sedi-
ment is illuminated from above by two white fluorescent tubes. Freshly cut archive halves are 
carefully leveled to prevent shadows from residual surface roughness. All cores were scanned at 
an axial resolution setting of 100, corresponding to 1 row of pixels for every 100 µm in core 
depth. An about equivalent resolution is achieved across the core. The brightest part of each core 
was selected to determine a lens aperture which allows the entire core to be measured on the 
same setting without saturating any of the color channels. Each reflectance value is calibrated 
against the range defined by a white tile (white calibration) and a closed lens cap (black calibra-
tion). Color test cards were measured before and after each core to determine and linearly correct 
drift effects of the CCD sensors. 
A specialized post-processing software was written to perform all necessary image correc-
tions and calculations. After deleting end cap and cavity sections, spurious color stripes caused 
by the non-uniform response of individual color channels are removed. This task is efficiently 
solved by normalizing the mean of each down-core data column to the same average core value. 
The individual segment images are then merged into a full core image and numerically com-
pressed in various ways. The median value of each data row was chosen as representative in the 
depth series of red, green and blue reflectance, total reflectance (mean value of R, G and B) and 
for the red/blue ratio. 
Finally, contrast enhanced color images were produced to improve the identification of dis-
tinct layers, gradients and textures. For this purpose, the RGB images are transformed to the 
equivalent hue, saturation and value (HSV) color system. By linearly expanding the data range 
of the value (intensity) parameter, the available contrast is broadened without shifting hue 
(dominant wavelength) and saturation (degree of purity) of the specific mineral colors. In the 
standard processing, 10 and 90 % percentiles of V were determined for each core and linearly re-
scaled to a 25 to 75 % total reflectance range. 
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4.3.2 Shipboard Results 
Sampling Sites and Recovery 
Gravity coring stations of Cruise M 58/2 are located between 31 and 20° N at the African conti-
nental margin in water depths between about 500 m (GeoB 8603) and 4000 m (GeoB 8622). 
Core lengths varied between 3.86 m (GeoB 8603-3) and 15.36 m (GeoB 8633-5). A total of 20 
sediment sequences with a cumulative length of 175 m were investigated by physical properties 
methods on board and sampled at 5 cm intervals for subsequent shore based rock and paleomag-
netic studies. 
 
General Results 
General characteristics of the physical properties measurements are summarized in the lower part 
of Figure 26. Dots mark the mean values of porosity, density and magnetic susceptibility for the 
individual cores, vertical bars denote standard deviations. Each diagram is divided into groups of 
regionally adjacent cores. 
Mean porosities are generally lower in sediments recovered from shallow water depths (Fig. 
27). The lowest mean porosity of 45.4% was encountered at site GeoB 8603 in a water depth of 
501 m, while mean porosities reached of 67.1 and 68.7% in the sediments of cores GeoB 8626-1 
and 8627-1 recovered off Dakhla from water depths of 2254 and 2668 m, respectively. Magnetic 
susceptibilities are typically low. Highest mean values of about 230⋅10-6 SI were observed in the 
Cape Ghir region sediments. In the southern working areas a trend to lower susceptibilities and a 
reduced κ variability, indicated by low standard deviations, are likely to reflect increasing dis-
solution of the primary magnetic mineral assemblage as a result of intense diagenetic processes. 
Physical properties logs for the individual cores are shown in Chapter 4.2 together with core 
descriptions, smear slide analyses and geochemical data (Figs. 8b to 25b). 
 
Special Features 
Cape Ghir (Cores GeoB 8601-3 through GeoB 8607-1) 
Cores GeoB 8601-3, 8603-3, 8604-2, 8606-6 and 8607-1 were recovered south west of Cape 
Ghir from water depths between 501 and 1223 m. For technical reasons, no porosity data are 
available for core GeoB 8601-3. 
The cores from water depths above 1000 m (GeoB 8601-3, 8603-3 and 8604-2) present no 
obvious correlations in their physical parameters. 
The porosity records of the two deeper cores (GeoB 8606-6 and 8607-1) were tentatively cor-
related on the basis of particular porosity maxima and minima. Down to about 1.3 m core depths, 
sedimentation rates are almost identical. Below, the interval from about 3.1 to 3.3 m in core 
GeoB 8606-6 should correspond to the sediments from 4.1 to 5.3 m in core GeoB 8607-1. 
Relating the distinct porosity minimum at 3.8 m in core GeoB 8606-6 to the base of core 
GeoB 8607-1 results in a 2.5 times lower overall sedimentation rate in core GeoB 8607-1. The 
susceptibility logs, showing very little variations over long intervals in core GeoB 8607-1 as 
compared to core 8606-6, support this interpretation. 
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Figure 26 Mean porosities, densities and magnetic susceptibilities of cores GeoB 8601-3 
through GeoB 8633-5 compared to variations in water depth at the coring sites and 
core recovery. The vertical bars denote standard deviations. 
 68
40 45 50 55 60 65 70 75
Mean Porosity [%]
2500
2000
1500
1000
500
0
W
at
er
 D
ep
th
 [m
]
8627-1
8626-1
8620-3
8619-3
8614-3
8625-1
8601-3
8603-3
8611-2
8612-3
8604-2
8608-5
8607-1
8613-6 8606-6
8606-3
8633-5
8630-9
 
Figure 27 Mean porosities versus water depth at the coring sites for the Cruise M 58/2 sediment 
series. Not included is core GeoB 8622-7 recovered from a water depth of 3959 m. 
Horizontal bars denote standard deviations. 
 
 
Cape Yubi (Cores GeoB 8608-5 through GeoB 8614-3) 
Cores GeoB 8608-5, 8611-2 and 8612-3 were recovered on a short bathymetric transect north of 
Cape Yubi from water depths between 489 and 974 m. Clear similarities in the porosity records 
and color scanner data allow for a convincing correlation of these three cores. A marked porosity 
low at about 2.2, 2.7 and 6.9 m depth just beneath the greenish sediments in cores GeoB 8611-1, 
GeoB 8612-3 and GeoB 8608-5, respectively, provides a first tie point and hints at a much 
higher sedimentation rate in the deepest core GeoB 8608-5. A second broad porosity minimum at 
about 4.8 m in core GeoB 8611-2 and 4.9 m in core GeoB 8612-3 indicates similar accumulation 
rates at these two sites. While magnetic susceptibilities are very low above the upper porosity 
minimum, they increase below in all three cores to about same level as in the top sediments. An 
extreme susceptibility maximum of 868⋅10-6 SI at 5.84 m in core GeoB 8612-3 is probably due 
to an ash layer. 
Gravity cores GeoB 8613-6 and 8614-3 were recovered about 200 km south of the above 
described coring transect from water depths of 1075 and 1440 m. They can easily be correlated 
by means of the red/blue ratio and reflectance data. The base of core GeoB 8613-6 at 9.32 m cor-
responds to a depth of about 7 m in core GeoB 8614-3 indicating a lower sediment accumulation 
at the deeper site. Cores GeoB 8613-6 and 8614-3 can also be linked to the more northern core 
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GeoB 8608-5 using red/blue ratios as well as porosity data. For example, the porosity minimum 
found at 6.9 m depth in core GeoB 8608-5 is encountered at 9.4 m depth in core GeoB 8614-3. 
The color scanner data allow for further detailed correlations. 
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Figure 28 Digital photographs of the cores GeoB 8626-1 and GeoB 8627-1 sediments and cor-
relation of their porosity records. 
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Cape Bojador (Cores GeoB 8519-3 and GeoB 8620-3) 
Cores GeoB 8519-3 and GeoB 8620-3 were recovered south of Cape Bojador from water depths 
of 1347 and 1871 m, respectively. Again, color scanner and porosity data enable an obvious cor-
relation of these cores. The base of core GeoB 8519-3 at 7.74 m corresponds to about 7.4 m 
depth in core GeoB 8520-3. Despite 500 m difference in water depth, sediment accumulation 
rates hence appear to be very similar at both sites. Magnetic susceptibility is strongly influenced 
by diagenetic effects in both cores as the signal dynamics are extremely reduced except for the 
uppermost parts of the records. 
 
Off Dakhla (Cores GeoB 8622-7 through GeoB 8627-1) 
Of the four cores bathymetric transect southwest off Dakhla, only cores GeoB 8626-1 and 
GeoB 8627-1 show similar color scanner and porosity logs. Figure 28 illustrates a correlation of 
their porosity records together with the core photographs. The correlation is straightforward, 
although core GeoB 8626-1 lacks approximately 8 cm at its top due to overpenetration of the 
gravity corer and core GeoB 8627-1 is disturbed by a small turbidite at about 1.5 m depth. 
Assuming that the three distinct porosity lows at about 5.5, 6.6 and 7.5 m depth in core GeoB 
8627-1 correspond to the warm oxygen isotope substages 5.1, 5.3 and 5.5, provides a preliminary 
age model. In both cores magnetic susceptibility records indicate a strong diagenetic alteration. 
The same is true for core GeoB 8625-2. Its porosity and color scanner logs still show some 
similarities with the records of the neighboring cores GeoB 8626-1 and GeoB 8627-1, whereas 
the core GeoB 8622-7 sediments, recovered from a much deeper water depth of 3959 m, display 
completely different patterns. 
 
Cape Blanc (Cores GeoB 8630-9 and GeoB 8633-5) 
Cores GeoB 8630-9 and 8633-5 were recovered southwest of Cape Blanc from water depths of 
1328 and 2699 m, respectively. Except for an abrupt decrease in magnetic susceptibility in the 
uppermost 20 cm, their physical properties logs show no mutual similarities nor any apparent 
correlations to other sediment series recovered during Cruise M 58/2. 
 
 
 
4.4 Geochemical Studies 
(S. Hessler, S. Kasten, M. Kölling, K. Plewa, N. Riedinger, M. Schmidt,  
 L. Schnieders, K. Wien) 
4.4.1 Research Objectives 
The RCOM projects C1 and C2 performed extensive pore water and sediment solid phase XRF 
investigations during this cruise. The focus of these studies are detailed examinations of diage-
netic alteration effects on the primary composition and the rock magnetic characteristics of the 
sediments across the iron redox boundary, within the sulfate / methane transition zone and the 
domain of anaerobic oxidation of methane, respectively. A major task is the documentation of 
iron oxide and iron sulfide mineralization sequences which typically result in the destruction 
and/or new formation of (paleo-)magnetic signals. Of particular importance will be an evaluation 
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of their specific potential to reconstruct changing redox environments in the course of variable 
paleoceanographic conditions and upwelling intensities off NW Africa. 
For this purpose, high-resolution sampling and analyses of the pore waters and the sedimen-
tary solid phase were carried out which will be combined with and complemented by various 
shore based magnetic measurements. The portable XRF instrument for solid phase analyses has 
been comprehensively tested before and successfully operated during Cruises M 57/1 and 
M 58/1. It allows a rapid evaluation of the major element concentrations within one to three days 
after recovery of the sediments. In addition to these onboard solid phase determinations, samples 
for subsequent wet chemical and mineralogical analyses were taken and adequately stored. The 
shipboard XRF solid phase element profiles also aimed at establishing a stratigraphic record of 
the sedimentary sequences recovered. 
 
 
4.4.2 Pore Water Chemistry 
Pore Water Sampling 
To prevent a warming of the sediments, all cores were immediately transferred to the cooling 
room after recovery and kept at a temperature of about 4°C. The multicorer cores have been 
processed within a few hours under argon atmosphere in a glove box. Two samples of the super-
natant bottom were water filtered for shore based analyses. The remaining bottom water was 
carefully removed from the tubes by means of a siphon to avoid disturbances of the sediment 
surface. During cutting of the cores into slices for pressure filtration, pH and Eh measurements 
were performed with a standard depth resolution of 0.5 cm. For density and porosity determina-
tions the electrical conductivity was measured temperature controlled on a second core of each 
multicorer cast at 1 cm intervals. 
During cutting of the gravity cores into 1 m segments on deck syringe samples were taken 
from every segment surface for methane analysis and immediately stored at a temperature of  
-20°C. Additional syringe samples have been collected from the same segments for photometric 
sulfate tests. Of these, 3 ml of wet sediment were put into a polyethylene flask together with  
20 ml of distilled water, shaken up thoroughly followed by vacuum filtration through a 0.2 µm 
cellulose acetate membrane filter. The resulting dilution of the pore water was determined by 
electrical conductivity measurements, calibrating the dilution factor with the multicorer bottom 
water at each coring location. 
Within one or two days after recovery, the gravity cores have been sliced lengthwise into two 
halves and processed. On the working halves pH and Eh were determined and samples taken 
every 25 to 40 cm for immediate pressure filtration. In parallel a series of solid phase samples for 
later total digestions, sequential extractions and mineralogical analyses was taken at 10 cm inter-
vals and stored in gas tight glass bottles under argon atmosphere at -20°C. 
All work on opened cores was carried out in a glove box under argon atmosphere in the 
cooling room. For pressure filtration Teflon squeezers were used operating with argon pressure 
gradually increased to 5 bar. The pore water was retrieved through 0.2 µm cellulose acetate 
membrane filters. Depending on the porosity and compressibility of the sediments, the amount of 
pore water recovered ranged between 5 and 20 ml. 
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Pore Water Analyses 
Eh and pH were determined with electrodes before the sediment structure was disturbed by 
sampling for pressure filtration. Ammonium was measured using a conductivity method, alka-
linity calculated from a volumetric analysis by tritration of 1 to 1.5 ml of pore water with 0.01, 
0.05 or 0.1 M HCl, respectively. Phosphate and nitrate were determined photometrically using a 
continuous flow system. For the analyses of dissolved iron (Fe2+) sub-samples of 1 ml have 
immediately been complexed in the glove box with 50 µl of ’Ferrospectral’ and determined 
photometrically. The analyses of sulfate were done nephelometrically / photometrically directly 
after precipitation of barium sulfate with a test technique after Merck®. 
For further analyses at the University of Bremen aliquots of the remaining pore water were 
diluted and acidified with HNO3 (suprapure) for determinations of cations (Ca, Mg, Sr, K, Ba, S, 
Mn, Si, B, Li) by ICP-AES and AAS. Additionally, 1 ml sub-samples have been added to a 
ZnAc solution (400 µl) to fix all sulfide present as ZnS for later analysis. Sub-samples for sulfate 
and chloride determinations were diluted 1:20 and stored frozen for shore based ion chromato-
graphy (HPLC) analyses. A complete outline of sampling procedures and analytical techniques 
used on board and in the laboratories at the University of Bremen is available at http://www.uni-
bremen.geochemie.de. 
 
Shipboard Results 
Pore water analyses of the following parameters were performed during Cruise M 58/2: Eh, pH, 
temperature, ammonium, alkalinity, nitrate, phosphate, iron (Fe2+) and sulfate. 
A total of 10 multicorer cores were processed, 18 gravity cores analyzed with the sulfate test 
and 8 of them further sampled and investigated in detail for pore water chemical characteristics. 
All sites sampled, parameters analyzed on board as well as aliquots of pore water and solid phase 
samples taken and stored for further analyses in Bremen are listed in Table 5. Furthermore, 80 
water samples taken with the rosette were analyzed on board for their nitrate and phosphate con-
centrations (see Chapter 4.5.3). 
Pore water data for sediments recovered with the multicorer at stations GeoB 8601 (Fig. 29), 
8625 (Fig. 30) and 8633 (Fig. 31) show the typical characteristics of the study area. Maximum 
nitrate concentrations are reached at 0.5 to 1.0 cm sediment depth, denitrification is more or less 
complete between 3 and 5 cm suggesting that most of the aerobic degradation of organic matter 
in this region takes place at the sediment surface and the overlying bottom water. Contents in 
dissolved iron appears rather low. Despite of the relatively high input of detrital iron minerals to 
the sediments by dust from the African continent, iron reduction is generally restricted to the 
upper few centimeters and plays only a minor role in the total degradation of organic matter. One 
exception was found at station GeoB 8601 (Fig. 29). A prominent sub-surface maximum in the 
dissolved iron detected at 3 cm sediment coincides with a peak in PO42- concentration. Similar 
concomitant maxima of pore water PO42- and Fe2+ were also encountered during R/V METEOR 
Cruises M 34/2 in 1996 and M 57/2 in 2003 off Namibia and are interpreted to result from iron 
reduction accompanied by the release of adsorbed phosphate into the interstitial water. 
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Table 5 Geochemical sampling, parameters analyzed on board during Cruise M 58/2 and ali-
quots of samples taken and stored for shore based analyses. 
Core 
GeoB Device Alkalinity 
NH4 NO3 PO4 Fe2+
H2S 
(ZnAc)
SO4 + Cl 
(1:20 dilu-
tion) 
CH4 
(frozen)
SO4 
(photometric) RFA Remarks
8601-1 MUC x x x x x  x   x  
8601-3 SL x x x x x  x x x x b 
8603-2 GKG          x  
8603-3 SL         x   
8604-3 MUC           a 
8604-2 SL         x   
8606-2 MUC x x x x x  x    a 
8606-6 SL         x   
8607-2 MUC x x x x x  x   x  
8607-1 SL x x x x x x x x x x b 
8608-4 MUC           a 
8608-5 SL         x   
8611-3 MUC           a 
8611-2 SL         x   
8612-2 MUC           a 
8612-3 SL         x   
8613-7 MUC x x x x x  x   x  
8613-6 SL x x x x x x x x x x b 
8614-2 MUC x x x x x  x     
8614-3 SL x x x x x x x x x x b 
8619-2 MUC          x  
8619-3 SL         x x  
8620-2 MUC           a 
8620-3 SL         x  a 
8622-7 SL         x   
8624-1 MUC           a 
8625-1 MUC x x x x x  x   x  
8625-2 SL x x x x x x x x x x b 
8626-2 MUC x x x x x  x   x  
8626-1 SL x x x x x x x x x x b 
8627-2 MUC           a 
8627-1 SL         x   
8630-8 MUC x x x x x  x   x   
8630-9 SL x x x x x  x x x x  b 
8631-8 MUC x x x x x  x    a 
8633-4 MUC x x x x x  x    a 
8633-5 SL x x x x x x x x x  a + b 
 
a solid phase samples stored for shore based XRF analyses, 
b solid phase samples stored in gas tight glass bottles under argon atmosphere for detailed 
subsequent investigations. 
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Figure 29 Pore water concentration profiles in the sediments of MUC core GeoB 8601-1. 
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Figure 30 Pore water concentration profiles in the sediments of MUC core GeoB 8625-1. 
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Figure 31 Pore water concentration profiles in the sediments of MUC core GeoB 8633-4. 
 
 
Pore water data for the eight gravity cores processed during this cruise are shown in Figures 
32 to 39. Station GeoB 8601 (Fig. 32) was a reoccupation of station GeoB 6007 (M 43/4, 1998), 
where sedimentation rates of around 80 cm/kyr have been were determined. The now recovered 
sediment sequence should therefore document the last about 10 000 years. Site GeoB 8613 (Fig. 
34) represents a reoccupation of former station GeoB 5546 (M 42/4, 1998) that was already sam-
pled and analyzed at high resolution for element concentrations in the solid phase. The present 
re-sampling aimed at establishing geochemical pore water profiles which are not yet available at 
this station. 
In none of the gravity core sediment series examined dissolved Fe2+ could be detected in the 
pore water, indicating that in spite of a high influx of terrigenous material the sediments are sul-
fide dominated. The hydrogen sulfide concentrations detectable by smell generally increased 
with upwelling intensity toward shallower water depths. At sites GeoB 8601 (Fig. 32) and GeoB 
8630 (Fig. 38) no hydrogen sulfide was evident from smell. Analyses of pore water sulfate will 
be performed in Bremen to reveal the exact location of the sulfate / methane transition in these 
sediments. 
Compared to the upwelling system off Namibia, the nutrient concentrations in pore waters of 
NW Africa are three to four times lower. Highest levels were found in the northernmost working 
area A1 (core GeoB 8601-3, Fig. 32) with maxima of 150 µmol/l for phosphate and 4000 µmol/l 
for ammonium. In the sediments of core GeoB 8633-5 (Fig. 39), which was recovered in the 
vicinity of the eutrophic mooring site CBi, also a relatively high pore water nutrient concentra-
 76
tion was encountered. Overall the lowest early diagenetic activity has been observed at site GeoB 
8630 (Fig. 38), where no significant increases in alkalinity, ammonium and phosphate to depth 
were detectable. 
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Figure 32 Pore water concentration profiles in the sediments of gravity core GeoB 8601-3. 
 
 
0
2
4
6
8
10
7.0 7.1 7.2 7.3 7.4 7.5
pH
0
2
4
6
8
10
0 4 8 12 16 20
 Alkalinity
[mmol(eq)/l]
0
2
4
6
8
10
0 800 1600
NH4
[µmol/l]
0
2
4
6
8
10
0 20 40 60 8
PO4
[µmol/l]
0
0
2
4
6
8
10
D
ep
th
 [m
]
-200 0 200
Eh
[mV]
GeoB 8607-1
 
 
Figure 33 Pore water concentration profiles in the sediments of gravity core GeoB 8607-1. 
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Figure 34 Pore water concentration profiles in the sediments of gravity core GeoB 8613-6. 
 
 
0
2
4
6
8
10
12
7.0 7.2 7.4 7.6 7.8
pH
0
2
4
6
8
10
12
0 4 8 12
 Alkalinity
[mmol(eq)/l]
0
2
4
6
8
10
12
0 400 800 1200
NH4
[µmol/l]
0
2
4
6
8
10
12
0 5 10 15 20 25
PO4
[µmol/l]
0
2
4
6
8
10
12
D
ep
th
 [m
]
-200 0 200
Eh
[mV]
GeoB 8614-3
 
 
Figure 35 Pore water concentration profiles in the sediments of gravity core GeoB 8614-3. 
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Figure 36 Pore water concentration profiles in the sediments of gravity core GeoB 8625-2. 
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Figure 37 Pore water concentration profiles in the sediments of gravity core GeoB 8626-1. 
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Figure 38 Pore water concentration profiles in the sediments of gravity core GeoB 8630-9. 
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Figure 39 Pore water concentration profiles in the sediments of gravity core GeoB 8633-5. 
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4.4.3 XRF Sediment Analyses 
Methods 
The sediments of altogether 8 gravity cores, 7 multicorers and one sub-core from the box corer 
have been analyzed with XRF on board. Additionally, samples were collected and stored for 
later shore based investigations from two more gravity cores and 10 more multicorers. Table 6 
summarizes the geochemical solid phase sampling and analyses completed on R/V METEOR 
Cruise M 58/2. 
Elemental analyses on dried and ground bulk marine sediment samples with the XRF spec-
trometer XEPOS® (SPECTRO, Kleve) had first been successfully tested on Cruise M 57/1 in 
early 2003. A measuring time of 7.5 minutes per powdered sample represent a compromise 
between measuring time and accuracy. 
The new method allows to process a 10 m core at a depth resolution of 5 cm in net measuring 
time of 24 h so that first results may be used immediately for devising further coring sites. 
Measurements of reference material were performed after each series of samples using a pressed 
pellet of the MAG-1 sediment standard. 
Syringe samples of approximately 5 to 6 ml wet sediment were taken from the split core seg-
ments at a depth resolution of 5 cm. The sample material was subsequently dried in a laboratory 
oven at 200°C and manually ground to a uniform grain size. Overall, more than 1600 samples 
were prepared and analyzed. With the rapid method used, the results for the elements Si, Al, Ca, 
Mg, K, Fe, Mn, Ba, Sr, Rb, Br, Ti, Ni, Cu, Zn, P, S and Cl are well above the background. As on 
the previous Cruises M 57/1 and M  58/1, the XEPOS® XRF did not show any errors due to the 
special ambient conditions on the ship. 
 
Shipboard Results 
Concentration profiles of four selected major elements in the sediment solid phase of gravity 
cores GeoB 8601-3 and GeoB 8625-2 are shown in Figures 40 and 41 and will be briefly 
described in the following. 
Core GeoB 8601-3 (Fig. 40) was recovered in working area A1 north of the Agadir Canyon 
system from a water depth of 921 m at the former site GeoB 6007 (M 43/4, 1998). As mentioned 
above, the sedimentary deposits retrieved then (core GeoB 6007-1) are characterized by high 
sedimentation rates of approximately 80 cm/kyr comprising the entire Holocene within the upper 
about 8 m. Core GeoB 8601-3 is expected to extend over the complete Holocene as well. Its top 
1 m contains elevated concentrations of iron, silica, and aluminium which could either result 
from an increased eolian input of Saharan dust during the last about 1000 years or alternatively a 
drop in carbonate flux to the seafloor. 
At a depth of approximately 7 m, iron, aluminium, calcium and various other elements such 
as magnesium, manganese, potassium, titanium and rubidium (not illustrated here) reveal obvi-
ous concentration changes. While the terrigenous elements show distinct decreases, the marine 
elements calcium and strontium increase. At the same level, the barium profile is characterized 
by a sharp peak. 
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Table 6 XRF solid phase analyses performed during Cruise M 58/2. 
Core-No. Device
Core Length 
[cm] 
Number of 
Samples 
Storing XRF Status 
GeoB 8601-3 SL 795 159 in cups measured 
GeoB 8607-1 SL 915 183 in cups measured 
GeoB 8613-6 SL 925 185 in cups measured 
GeoB 8614-3 SL 1105 221 in cups measured 
GeoB 8619-3 SL 760 152 in cups measured 
GeoB 8620-3 SL 990 198 
syringe samples: 
1-98 (0-490 cm) dried,
99-198 (490-990 cm) wet
 
GeoB 8625-2 SL 875 175 in cups measured 
GeoB 8626-1 SL 1150 230 in cups measured 
GeoB 8633-5 SL 1539 308 syringe samples: wet  
      
GeoB 8601-1 MUC 28 19 in cups measured 
GeoB 8604-3 MUC 12 11 in plastic bags  
GeoB 8606-2 MUC 16 13 in plastic bags  
GeoB 8607-2 MUC 26 18 in cups measured 
GeoB 8608-4 MUC 12 11 in plastic bags  
GeoB 8611-3 MUC 7 7 in plastic bags  
GeoB 8612-2 MUC 20 15 in plastic bags  
GeoB 8613-7 MUC 1 13 in cups measured 
GeoB 8619-2 MUC 16 13 in cups measured 
GeoB 8620-2 MUC 16 13 in plastic bags  
GeoB 8624-1 MUC 16 13 in plastic bags  
GeoB 8625-1 MUC 18 14 in cups measured 
GeoB 8626-2 MUC 22 16 in cups measured 
GeoB 8627-2 MUC 16 13 in plastic bags  
GeoB 8630-8 MUC 24 17 in cups measured 
GeoB 8631-8 MUC 20 15 in plastic bags  
GeoB 8633-4 MUC 32 21 in plastic bags  
GeoB 8603-2 GKG 27 27 in cups measured 
 
 
Gravity core GeoB 8625-2 (Fig. 41) was recovered in working area B1 off Dakhla from 
1294 m water depth. The top 60 cm of sediments show a gradual but steep increase in iron, silica 
and aluminium and a distinct decrease of calcium. As at site GeoB 8601 further north, this could 
be due to an intensified eolian input from the Sahara resulting in elevated accumulation of ter-
restrial material diluting the marine signal. While calcium does not reveal significant variations 
below 60 cm sediment depth, strontium (not shown here) displays a broad maximum between 4 
and 5 m. 
Shipboard XRF and magnetic susceptibility measurements reveal a strong early diagenetic 
alteration of the iron mineral inventory in core GeoB 8607-1 (Fig. 42). The solid phase content  
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Figure 40 Solid phase concentrations of major elements in the sediments of core GeoB 8601-3. 
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Figure 41 Solid phase concentrations of major elements in the sediments of core GeoB 8625-2. 
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Figure 42 Gravity core GeoB 8607-1. Digital photograph and bulk optical reflectivity of the 
sediments, core log of magnetic susceptibility, iron and sulfur contents and Fe/S ratio 
(not reversed scale) of the solid phase and pore water concentrations of sulfate and 
phosphate. Turbidites are marked by shaded bars, segment boundaries by broken 
lines. 
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of sulfur increases below 1 m sediment depth indicating the transformation of Fe(III) compounds 
into iron sulfides. This diagenetic overprint is also obvious from the color scanner results and 
particularly from the Fe/S ratio showing a distinct maximum of up to 16 in the uppermost meter 
parallel to the susceptibility profile. In the pore water data this trend is much less pronounced as 
sulfate concentrations, so far only determined by the photometric sulfate test, but slightly fade to 
depth. On the other hand, the XRF solid phase data clearly demonstrate that sulfate reduction 
takes place over the whole sediment column below 1 m leading to the formation of iron sulfides 
and resulting in an almost complete loss of the magnetic susceptibility signal. 
Core GeoB 8607-1 contains 2 turbidites (shaded bars in Fig. 42). In their immediate vicinity 
higher contents of Fe(III) minerals are indicated by the Fe/S ratio. Interestingly, this ratio is 
always elevated just above the macroscopically described turbidite layers implying that they may 
in fact be thicker, because the upper fine grained parts of the graded bedding could not be dis-
criminated against the ‘normal’ sediment. The pore water profile of phosphate also appears to be 
a sensitive indicator for fine grained Fe(III) minerals. In addition to a linear increase to depth it 
shows local minima at exactly the same turbidite levels. These local sinks are interpreted to 
result from the adsorption of phosphate on Fe(III) mineral surfaces. 
 
 
 
4.5 Water and Plankton Studies 
4.5.1 CTD Profiling 
(I. Wilke, T. Bickert) 
For up-to-date information about the hydrographic conditions at the NW African continental 
margin, a Seabird SBE-19 CTD profiler was used at 32 stations during Cruise M 58/2. Since the 
unit is equipped the data, the profiler can be deployed together with any other device. Usually, it 
was attached to the wire 20 m above the rosette or 50 m above the multicorer. The SBE-19 pro-
filer includes sensors for conductivity, temperature, pressure and oxygen as well as a SeaTech 
light beam transmissiometer with 25 cm side view. The light beam attenuation coefficient indi-
cates the plankton concentration (LBA of 100 = clear water, LBA of 0 = 100 % attenuation). The 
raw data of each downcast were transferred to a PC. 
Figure 43 gives an example from site GeoB 8601 for the typical upper water column CTD 
profile at the NW African continental margin. The water temperature ranges between 19°C at the 
surface to 12°C at the 430 db pressure level. The mixed layer is virtually absent, because of fresh 
water advection to this layer by heavy rainfall two days before the CTD profiling was performed. 
This is indicated by decreasing salinities from 50 m towards the sea surface. At the base of the 
freshwater layer, a new plankton bloom is marked by a peak in light beam attenuation right on 
top of the gradient changes in salinity. In greater depth, between 200 and 350 db pressure, low 
oxygen contents reveal a oxygen minimum zone typical for the continental slope area. This layer 
is enriched in nutrients and assumed to feed the coastal upwelling off NW Africa. To better 
understand the relationship between upper ocean water column stratification, plankton produc-
tion and particle flux such CTD profiles were examined at each station prior to water and plank-
ton sampling. 
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Figure 43 Temperature, salinity, oxygen and light beam attenuation profiles at site GeoB 8601 
off Cape Ghir. 
 
 
 
4.5.2 Water Sampling  
(I. Wilke, T. Bickert) 
At 13 stations a rosette with 18 water samplers (each 10 liter volume) was operated to obtain 
water samples from different water depths for the analysis of stable carbon and oxygen isotopes, 
nutrients and alkalinity. At one station (GeoB 8630), additional samples were taken for particle 
analyses to be compared with results of the particle camera profiling. 
For carbon isotopes, 2 x 50 ml of water from each sampler were filled into a glass bottle, care-
fully avoiding air bubbles in the filling tube and in the bottle to minimize the exchange of CO2 
between water and air. The stable isotope sample was always taken immediately after the sam-
pler was opened to prevent degassing of CO2 from the water. The samples were poisoned with 
0.5 ml of saturated HgCl2 solution. After poisoning all samples were sealed airtight with melted 
paraffin. The samples for oxygen isotope analysis were treated similarly, but have not been poi-
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soned. For alkalinity titration, which will be performed post cruise, some 250 ml of water was 
filtered and poisoned afterwards with 1 ml of saturated HgCl2 solution. The samples for nutrient 
measurements were filled into 10 ml PE bottles. The nutrients were usually measured within 2 
hours after sampling (see Chapter 4.5.3). 
 
 
4.5.3 Nutrient Profiles 
(S. Hessler, L. Schnieder, I. Wilke) 
Between 20 and 32°N water samples were taken on 13 depth profiles to determine phosphate and 
nitrate concentrations. The nutrient measurements were carried out within 2 hours after the sam-
ples had been retrieved using the methods described in Chapter 4.4.2. Together with analyses of 
stable carbon isotopes and total alkalinity, which will later be done at the University of Bremen, 
we expect to obtain detailed information about the variable relationships between carbon iso-
topes and nutrients in the different water masses and planktic foraminifer species. 
 
 
4.5.4 Chlorophyll Analyses 
(G. Fischer, M. Klann) 
For the determination of chlorophyll-a concentrations in the surface waters, seawater was col-
lected daily with the ship’s membrane pump system (Table 8). Between 1 to 2 liter of seawater 
were filtered onto a glass microfibre filter (Whatman, GF/F, 25 mm diameter). The samples were 
immediately frozen at dark and will be analyzed by photometrical means in the University of 
Bremen laboratories. Together with data from earlier cruises, the chlorophyll-a data should give 
information on the seasonal and regional variability in biomass distribution mainly in the Cape 
Blanc region. The results will be compared with satellite derived chlorophyll concentration maps 
and may serve relevant as calibration data. 
 
Table 8 Surface water samples for chlorophyll-a measurements. 
No. Date 2003 
Time 
[UTC] 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth
[m] 
Salinity 
[‰] 
Water 
Temperature 
[°C] 
Sample 
Volume 
[l] 
1 26.05. 12:35 25°33.4’ 18°43.9’ 3060 36.73 22.1 2 
2 27.05. 13:18 23°28.8’ 20°00.1’ 3895 36.80 23.0 1 
3 28.05 07:20 23°02.4’ 17°17.6’ 865 36.56 20.7 1 
4 29.05 08:26 21°57.6’ 19°51.5’ 3915 36.81 22.4 1 
5 31.05 07:16 20°44.9’ 18°34.9’ 2276 35.67 20.0 1 
6 01.06. 07:14 20°49.7’ 17°58.3’ 1328 35.59 20.6 1 
7 02.06. 11:55 20°28.1’ 17°49.0’ 499 35.73 19.0 1 
8 03.06 11:30 20°45.7’ 18°29.6’ 1886 35.54 20.7 1 
9 04.06 17:30 20°45.7’ 18°41.4’ 2700 35.66 21.3 1 
10 05.06 08:13 20°57.0’ 17°44.5’ 978 35.90 19.5 1 
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4.5.5 Plankton Sampling  
(I. Wilke) 
Surface Water 
Planktic foraminiferal species were sampled during the cruise from about 5 m water depth using 
the vessel's water pump system. Except for one sample, the water was pumped during daylight 
on 5 days. The seawater was filtered using a plankton hand net with 100 µm mesh size (Hydro 
Bios) for several hours per day. Under the microscope the surface dwelling foraminifers were 
separated from other plankton and put in Fema cells for future isotope analyses. Table 9 summa-
rizes times, locations, sea surface temperatures (SST) and sea surface salinities (SSS) during the 
sampling. 
 
Table 9 Underway surface water sampling for planktic foraminifers. 
Bottle 
No. 
Date 
2003 
Start / Stop 
[UTC] 
Latitude 
[N] 
Longitude 
[E] 
SST 
[°C] 
SSS 
[‰] 
Water 
Depth 
[m] 
1 18.05. 11:25 14:17 
31°03.55' 
31°00.18' 
10°41.49' 
10°44.59' 
17.6 
17.6 
36.5 
36.5 
1003 
1226 
2 19.05. 07:46 11:03 
29°33.93' 
29°06.44' 
12°03.03' 
12°37.19' 
18.8 
18.7 
36.7 
36.4 
1802 
1309 
3 20.05. 11:45 16:20 
28°47.02' 
28°47.61' 
12°03.13' 
12°40.46' 
18.2 
19.2 
36.2 
36.5 
113 
499 
4 21.05. 14:10 17:15 
27°32.22' 
26°59.64' 
13°50.99' 
14°12.65' 
19.2 
19.4 
36.4 
36.4 
1444 
1282 
5 22.05. 12:15 18:08 
25°08.53' 
25°16.01' 
15°09.49' 
15°43.99' 
17.7 
19.2 
36.1 
36.3 
54 
97 
6 22.05. 18:22 21:26 
25°16.32' 
25°18.23' 
15°46.54' 
16°03.41' 
19.3 
18.9 
36.5 
36.6 
104 
219 
 
Deep Net Tows 
Plankton was collected from the water column at 13 stations along the NW African continental 
margin using a multinet with 5 nets (64 µm mesh width). Usually, the depth intervals of 500 - 
250, 250 - 100, 100 - 50, 50 - 25, 25 - 0 m were sampled for plankic foraminifer distribution (see 
station list, Chapter 8). All samples were poisoned with 1 ml of saturated HgCl2 solution and 
stored in the refrigerator at +4°C. 
 
 
 
4.5.6 Particulate Organic Matter (POM) Alkenone Analyses 
(T. Freudenthal, G. Fischer) 
The alkenone method provides a means for reconstructing past sea surface temperatures (SSTs). 
Certain haptophyte algae, especially coccolithophores of the species Emiliania huxleyi, synthe-
size long chain (C37 - C39) unsaturated ketones (alkenones) in different proportions, depending 
on temperature of ambient seawater during growth of the algae (MARLOWE, 1984). BRAS-
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SELL et al., (1986) introduced the temperature dependent alkenone unsaturation index U 37
which, in a simplified form (U 37), uses the di- and triunsaturated C37 alkenones only (PRAHL 
& WAKEHAM, 1987) 
K
 
K’
U 37 = [C 37:2] / [C 37:2 + C 37:3] 
 K’  K’
 
Table 10 Water sampling and filtration for alkenone analyses. 
No. Date 2003 
Start / Stop 
[UTC] Counter 
Latitude 
[N] 
SST
[°C] 
Water
Depth
[m] 
K’  K’
Longitude
[W] 
SSS 
[‰] 
1 15.05. 20:22 21:57 
1328.975 
1328.714 
29°20.1’ 
29°30.7’ 
13°57.7’
13°45.2’ 
19.0
18.7 
36.8 
36.7 
2947 
2558 
2 16.05. 09:18 10:55 
1328.790 
1329.135 
30°16.2’ 
30°22.6’ 
11°49.2’
11°32.9’ 
18.5
18.2 
36.6 
36.6 
2206 
2316 
3 16.05. 11:45 13:35 
1329.200 
1329.517 
30°25.8’ 
30°32.6’ 
11°24.3’
11°05.9’ 
17.8
18.0 
36.5 
36.5 
2304 
2187 
4 16.05. 18:55 20:42 
1329.551 
1329.810 
30°50.8’ 
30°50.8’ 
10°16.2’
10°16.1’ 
15.7
15.7 
36.2 
36.2 
929 
930 
5 17.05. 07:45 08:55 
1330.407 
1330.591 
31°19.8’ 
31°20.3’ 
10°16.6’
10°18.4’ 
16.5
16.9 
36.3 
36.3 
353 
383 
6 18.05. 07:05 09:15 
1330.988 
1331.323 31°25.6’ 10°25.4’ 17.4 36.5 924 
7 19.05. 07:28 09:19 
1331.360 
1331.733 
29°36.7’ 
29°20.9’ 
11°59.9’
12°19.3’ 
18.6
18.9 
36.6 
36.7 
1852 
158 
8 19.05. 20:57 22:43 
1330.790 
1332.036 
28°47.9’ 
28°48.2’ 
12°36.9’
12°17.4’ 
18.7
17.9 
36.5 
36.6 
382 
111 
9 20.05. 05:17 06:22 
1332.336 
1332.171 
28°44.6’ 
28°49.6’ 
11°25.2’
11°33.8’ 
18.2
18.0 
36.1 
36.1 
77 
69 
10 21.05. 06:10 07:48 
1332.239 
1332.583 
27°32.2’ 
27°32.2’ 
13°44.3’
13°44.0’ 
18.7
18.7 
36.4 
36.4 
1078 
1075 
11 21.05. 16:10 18:20 
1332.609 
1333.003 
27°11.0’ 
26°48.2’ 
14°05.0’
14°19.9’ 
19.5
18.8 
36.5 
36.4 
1581 
1203 
12 22.05. 06:17 07:29 
1333.030 
1333.276 
25°34.7’ 
25°29.6’ 
15°24.5’
15°13.3’ 
19.2
17.6 
36.7 
36.3 
119 
92 
13 22.05. 12:20 13:14 
1333.311 
1333.429 
25°07.6’ 
24°59.8’ 
15°59.1’
15°06.2’ 
17.6
17.0 
36.1 
36.1 
55 
44 
14 27.05. 13:11 15:14 
1333.630 
1333.971 
23°29.1’ 
23°24.0’ 
20°02.2’
19°30.0’ 
22.9
23.0 
36.9 
36.7 
3898 
3641 
15 28.05. 07:30 08:45 
1333.996 
1334.227 
23°02.4’ 
23°03.9’ 
17°17.6’
17°26.1’ 
20.7
21.5 
36.6 
36.8 
864 
1134 
16 29.05. 08:20 13:43 
1334.287 
1334.893 
21°58.2’ 
21°19.7’ 
19°50.7’
20°42.8’ 
22.4
22.4 
36.8 
36.5 
3911 
4124 
17 31.05. 07:25 08:50 
1340.785 
1340.838 
20°44.2’ 
20°44.9’ 
18°34.8’
18°34.9’ 
20.7
20.7 
35.7 
35.7 
2278 
2277 
18 01.06. 14:33 18:33 
1341.020 
1341.090 
20°49.0’ 
20°49.0 
17°58.3’
17°58.3’ 
20.8
20.6 
35.7 
35.7 
1327 
1329 
19 02.06. 07:25 08:12 
1341.952 
1342.085 
20°27.9’ 
20°28.0’ 
17°49.0’
17°48.9’ 
20.6
18.9 
37.7 
37.7 
503 
489 
20 03.06. 07:20 07:48 
1342.470 
1342.540 
20°49.1’ 
20°49.3’ 
18°00.7’
18°05.7’ 
19.7
19.5 
35.3 
35.4 
1408 
1600 
21 05.06. 08:04 08:25 
1342.540 
1342.601 
20°56.3’ 
20°57.8’ 
17°45.6’
17°42.9’ 
19.3
19.6 
35.4 
35.8 
982 
720 
22 06.06. 07:25 08:21 
1342.700 
1342.812 
22°15.3’ 
22°22.7’ 
17°27.5’
17°24.2’ 
20.4
20.3 
36.4 
36.3 
1080 
1067 
23 07.06. 08:20 09:13 
1342.835 
1343.088 
25°50.2’ 
25°59.3’ 
15°26.6’
15°21.1’ 
21.6
21.5 
36.8 
36.8 
1067 
454 
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To further assess the regional SST/UK’37 relationship, the particulate suspended matter of 23 
surface water samples was filtered at the NW African continental margin (Table 10). 
At each location 22 to 40 l of surface water were sampled with the vessel's membrane pump. 
The water was passed through glass fiber filters (GMF 5, Sartorius) to obtain the suspended par-
ticulate matter. Before use, the filters were heated at 400°C for 18 h to remove the organic com-
pounds. After filtering all samples were frozen immediately and stored at -20°C for shore based 
analyses. 
 
 
4.5.7 Particulate Organic Matter (POM) Isotope Analyses 
(T. Freudenthal) 
At 23 locations 2 to 5 liter of surface water were sampled with the vessel's membrane pump 
which has its opening at about 5 m water depth. The water was passed through glass fiber filters 
(GMF 5, Sartorius) to obtain suspended particulate matter. After filtering, the samples were 
immediately frozen at -20°C. The samples will be analyzed for their carbon and nitrogen isotopic 
composition in the University of Bremen laboratories. 
 
Table 11 Water sampling and filtration for particulate organic matter. 
No. Date 2003 
Time 
[UTC] 
Latitude 
[N] 
Longitude
[W] 
SST 
[°C] 
SSS
[psu] 
Volume 
[l] 
Water Depth
[m] 
1 15.05. 16:10 28°53.2’ 14°29.6’ 19.1 36.8 5.7 2846 
2 15.05. 20:06 29°18.2’ 14°00.0’ 19.0 36.8 5.0 2953 
3 16.05. 00:10 29°41.2’ 13°22.4’ 18.7 36.7 5.0 2408 
4 16.05. 07:40 30°02.6’ 12°25.3’ 18.5 36.6 5.0 1668 
5 16.05. 10:05 30°19.3’ 11°41.1’ 18.5 36.6 5.0 2280 
6 16.05. 14:30 30°36.2’ 10°55.7’ 18.0 36.5 5.0 2226 
7 16.05. 18:45 30°50.9’ 10°16.1’ 15.7 36.2 3.0 929 
8 16.05. 23:10 30°55.9’ 10°27.3’ 16.9 36.3 3.5 840 
9 17.05. 07:50 31°19.8’ 10°15.4’ 16.3 36.3 3.0 300 
10 18.05. 07:10 31°24.8’ 10°24.4’ 17.5 36.4 4.0 770 
11 18.05. 12:00 31°00.2’ 10°44.6’ 17.4 36.4 4.0 1226 
12 19.05. 01:13 30°28.8’ 10°54.3’ 18.0 36.5 4.0 2052 
13 19.05. 07:25 29°36.4’ 11°59.7’ 18.6 36.6 5.0 1856 
14 19.05. 11:16 29°04.8’ 12°39.3’ 18.7 36.4 4.0 1248 
15 19.05. 22:59 28°28.4’ 12°18.2’ 17.9 36.2 2.0 111 
16 20.05. 05:13 28°44.9’ 11°24.6’ 18.1 36.1 2.0 80 
17 20.05. 10:00 28°74.0’ 11°43.3’ 18.1 36.1 3.0 82 
18 21.05. 06:15 27°32.2’ 13°44.3’ 18.7 36.4 5.0 108 
19 21.05. 16:10 27°10.9’ 14°04.9’ 19.5 36.5 5.0 158 
20 21.05. 22:00 26°75.0’ 14°47.1’ 18.5 36.5 4.0 112 
21 22.05. 06:15 25°.34.7’ 15°24.5’ 19.2 36.2 4.0 112 
22 22.05. 12:19 25°08.0’ 15°09.2’ 17.7 36.1 2.0 55 
23 22.05. 19:00 25°17.4’ 15°55.1’ 19.0 36.5 3.6 143 
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4.5.8 Dinoflagellates 
(E. Susek, N. Zatloukal) 
Calcite cysts of the dinoflagellate species T. heimii are produced within their vegetative life 
cycle. In culture they are formed throughout the year with the production of one shell within a 
relative short time interval (several hours to three days). Also in sediment traps of the western 
Arabian Sea, northern North Atlantic and eastern equatorial Atlantic newly formed T. heimii 
shells are observed throughout the year and their carbon isotope signal might therefore reflect 
mean annual sea water conditions. T. heimii lives in the deeper parts of the mixed layer of the 
upper water column with maximal abundances at upper thermocline depth presumably within the 
deep chlorophyll maximum. Until recently, they have generally been neglected in plankton and 
sediment studies due to their size of about 9 to 25 µm. They are too small to be included in 
foraminifera studies and too large for nannoplankton research. New studies have shown that they 
have a broad geographic distribution and occur in high abundances in modern sediments well 
below the lysocline, even to the calcium carbonate compensation depth, suggesting extreme 
resistance against dissolution. As a first step to explore the usability of the oxygen isotope com-
position of vegetative calcite cysts of T. heimii as palaeotemperature indicator, a method has 
been developed to purify T. heimii cysts of 21 surface sediment samples from the equatorial and 
South Atlantic. Calculated temperatures based on the palaeotemperature equation for inorganic 
calcite precipitation using the stable oxygen and carbon isotopes of T. heimii cysts generally 
reflect mean annual temperatures of the upper water column, notably of thermocline depths. 
Although the available results suggest that the isotopic composition of T. heimii shells might be 
formed in equilibrium with the seawater in which the shells are formed, investigations are 
required to determine possible effects of metabolic and kinetic processes on the fractionation 
process. The aim of this study is to identify indications that the isotopic signal of T. heimii is in 
disequilibrium with seawater. For this purpose T. heimii has been sampled at thermocline depths. 
The isotopic composition of its shells and that of the surrounding seawater will be determined in 
shore based analyses. 
During R/V METEOR Cruise M 58/2 samples were taken from the multicorer, the rosette 
water sampler and the ship’s membrane pump to document the species distribution in surface 
sediments and the upper water column. At the University of Bremen cultures will be established 
for experiments under controlled laboratory conditions. Samples were also taken with the 
plankton hand net for Dr. M. Elbrächter, Deutsches Zentrum für Marine Biodiversitätsforschung, 
Forschungsinstitut Senckenberg. He aims at characterizing the type species of dinoflagellates in 
detail by modern taxonomic methods. Moreover, his study contributes to delineate the biodiver-
sity of dinoflagellates in the Benguela Current and completes investigations initiated during 
R/V METEOR Cruise M 48/5 in October 2000. 
 
Rosette Water Sampler 
At 15 stations water samples were taken from the upper part of the thermocline (Table 12) using 
the rosette multi water sampler (Hydro Bios) together with a CTD profiler (Seacat SBE 19) that 
also comprised an oxygen sensor and transmissiometer to correlate the oceanographic parameters 
of the water column with species distribution. Where no thermocline was evident, samples were 
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collected in 50 m water depth. The seawater was pre-filtered through 100 µm, 63 µm and 20 µm 
mesh sieves. Subsequently the samples were filtrated with a vacuum pump using a 5 µm poly-
carbonate filter. The filters were dried (samples from casts 8601-2 to 8609-4) or fixed with 
5.5 ml formaldehyde (37%) per 100 ml and stored in dark 250 ml Nalgene HDPE flasks at +4°C. 
 
Table 12 Rosette casts for dinoflagellate analysis. 
GeoB 
Code 
Date 
2003 
Time 
[UTC] 
Latitude 
[N] 
Longitude
[W] 
Water 
Depth 
[m] 
Water 
Temperature
[°C] 
Salinity 
[‰] 
Bottle 
Depth 
[m] 
Volume
[l] 
8601-2 16.05. 19:56 - 21:06 30°50.9’ 10°16.2’ 9212 15.8 36.1 60 175 
8603-5 17.05. 13:31 - 13:39 31°11.2’ 10°27.2’ 501 16.7 36.2 30 175 
8606-4 18.05. 14:41 - 14:49 31°00.5’ 10°44.6’ 1203 17.6 36.3 20 163.5 
8608-3 19.05. 15:06 - 15:12 28°48.0’ 13°00.0’ 976 17.6 36.3 32 170 
8609-4 20.05. 07:51 - 07:57 28°48.0’ 11°29.2’ 81 16.2 36.4 14 165 
8613-3 21.05. 06:06 - 06:12 27°32.2’ 13°44.2’ 1077 18.7 36.4 40 163.5 
8617-4 22.05. 20:51 - 20:59 25°18.1’ 16°00.1’ 171.3 17.4 36.3 50 167 
8618-4 23.05. 02:59 - 03:06 25°19.8’ 16°34.6’ 1952 18.6 36.5 50 164 
8621-4 26.05. 18:51 - 18:59 25°08.9’ 19°22.0’ 3463 20.6 36.8 55 153 
8622-4/5 27.05. 
05:52 - 06:02 
06:18 - 06:28 
23°30.6’ 20°12.3’ 3957 20.3 36.7 75 321 
8628-8/9 30.05. 
10:43 - 10:52 
11:02 - 11:10 
21°17.2’ 20°46.7’ 4163 19.9 36.4 50 303 
8629-5 31.05. 07:56 - 08:01 20°44.9’ 18°34.9’ 2275 18.3 35.9 15 174 
8629-6 31.05. 08:10 - 08:18 20°44.9’ 18°34.9’ 2275 18.5 35.7 6 171.5 
8630-6/7 01.06. 
16:26 - 16:35 
16:47 - 16:55 
20°49.0’ 17°58.3’ 1325 18.2 35.6 45 323 
8631-6/7 02.06. 
16:12 - 16:19 
16:32 - 16:40 
20°28.0’ 17°49.0’ 500 16.9 35.6 40 311.5 
8635-4/5 05.06. 
19:41 - 19:47 
20:00 - 20:07 
22°06.3’ 17°26.1’ 472 19.8 36.2 35 330 
 
Membrane Pump 
During the last days of the cruise, 6 samples were taken from the ship’s membrane pump for 
dinoflagellate analyses (Table 13). Depending on the plankton amount, the samples were con-
centrated to 1 l using a filtering system with 100 and 10 µm gauze filters and further reduced to 
about 25 ml using a vacuum pump and 5 µm polycarbonate filters. Stored in 25 ml sterile glass 
bottles together with the filter, the samples have not been fixed to preserve living material for 
experimentation at the University of Bremen. 
 
Plankton Hand Net 
At 24 stations a 20 µm mesh size plankton hand net was used (Table 14). Samples were taken 
from the upper 15 m of the water column, fixed with about 8.8 ml formaldehyde (37%) per 
100 ml and stored in dark 125 ml Nalgene HDPE flasks at + 4°C. 
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Table 13 Membrane pump surface water sampling for dinoflagellate analysis. 
Begin / End of Filtration 
Sample 
No. 
Date 
2003 Water Temperature 
[°C] 
Salinity 
[‰] 
Time 
[UTC] 
Latitude 
[N] 
Longitude 
[W] 
Volume 
[l] 
6/5/a 05.06. 
19.6 
19.7 
36.1 
36.2 
12:57 
13:51 
21°32.84’ 
21°38.38’ 
17°35.27’ 
17°29.01’ 76 
6/5/b 05.06. 19.4 19.4 
36.2 
36.2 
14:34 
15:29 
21°42.89’ 
21°49.37’ 
17°24.28’ 
17°20.60’ 74 
6/5/c 05.06. 19.3 19.3 
36.2 
36.2 
15:46 
16:11 
21°51.80’ 
21°55.17’ 
17°21,27 
17°23.33’ 31 
6/6/a 06.06. 20.3 20.0 
36.2 
36.2 
09:30 
10:35 
22°32.00’ 
22°40.86’ 
17°20.06’ 
17°16.46’ 146 
6/6/b 06.06 20.2 20.4 
36.3 
35.9 
11:36 
12:28 
22°49.93’ 
22°58.14’ 
17°12.92’ 
17°09.62’ 90 
6/7/a 07.06 21.7 21.5 
36.8 
36.8 
07:51 
09:28 
25°46.35’ 
25°60.99’ 
15°28.99’ 
15°20.67’ 129 
 
Table 14 Plankton hand net samples from 0 – 15 m water depth for dinoflagellate analysis. 
GeoB 
Code 
Date 
2003 
Time 
[UTC] 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Water 
Temperatue 
[°C] 
Salinity 
[‰] 
Air 
Temperature 
[°C] 
8602-1 17.07. 09:33 31°20.0’ 10°22.9’ 538 17.8 36.3 18.3 
8603-1 17.05. 11:25 31°11.0’ 10°27.3’ 501 17.4 36.2 18.3 
8604-1 17.05. 15:14 30°57.4’ 10°31.3’ 884 17.6 36.3 18.3 
8606-1 18.05. 12:03 31°00.2’ 10°44.5’ 1226 18.1 36.4 18.3 
8608-1 19.05. 13:30 28°48.0’ 12°59.9’ 970 19.0 36.3 19.5 
8609-1 20.05. 07:18 28°48.0’ 11°29.2’ 82.2 18.8 36.1 20.3 
8610-1 20.05. 14:32 28°46.9’ 12°34.7’ 372 19.7 36.4 20.8 
8611-1 20.05. 16:30 28°47.8’ 12°41.1’ 495 20.0 36.4 21.4 
8612-1* 20.05. 18:53 28°48.1’ 12°51.5’ 789 19.8 36.4 20.7 
8613-1 21.05. 05:00 27°32.2’ 13°44.4’ 1090 19.5 36.3 19.8 
8614.1 21.05. 11:45 27°32.1’ 13°51.0’ 1440 19.7 36.4 21.2 
8615-1 22.05. 08:46 25°32.9’ 15°19.4’ 141 19.4 36.5 23.3 
8616-1* 22.05. 14:41 25°11.5’ 15°10.7’ 60 18.4 36.1 22.6 
8617-1 22.05. 19:43 25°17.9’ 16°00.1’ 172 19.4 36.3 21.9 
8618-1 23.05. 00:45 25°19.8’ 16°34.6’ 1951 20.9 36.5 22.7 
8619-1 23.05. 06:42 25°26.9’ 16°20.8’ 279 20.8 36.5 21.5 
8620-1 23.05. 09:23 25°21.6’ 16°33.3’ 1867 20.4 36.5 23.6 
8621-1 26.05. 16:01 25°08.3’ 19°21.9’ 3463 23.3 36.8 22.5 
8622-1 27.05. 04:06 23°30.6’ 20°12.2’ 3957 23.2 36.9 22.0 
8628-10 30.05. 11:13 21°17.3’ 20°46.8’ 4163 22.5 36.4 25.9 
8629-2 31.05. 05:30 20°45.0’ 18°34.9’ 2282 20.5 35.6 20.2 
8630-3 01.06. 14:45 20°49.1’ 17°58.3’ 1331 20.9 35.7 20.3 
8631-3 02.06. 14:30 20°28.0’ 17°49.1’ 503 20.9 35.7 19.8 
8635-1 05.06. 18:10 22°06.4’ 17°26.1’ 480 20.3 36.2 20.4 
* Due to strong currents, the net was only at the sea surface. 
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4.5.9 Coccolithophorides 
(M. Köbrich) 
Coccolithophorids are autotrophic marine algae (Prymnesiophyceae) and one of the main open 
ocean primary producers. Their cell surfaces are covered by minute external calcite scales with a 
complex ornamentation. These coccoliths constitute the single most important component of 
deep-sea sediments and provide floral and biomarker signals for interpreting global change in the 
geological record. Coccolithophorid derived proxies provide an unique global perspective on 
past climate changes. Therefore, they are extensively used in paleoecological and paleoceano-
graphical studies (e.g., WINTER & SIESSER, 1994). 
Knowledge of their living occurrences as well as their distribution in surface sediments is a 
prerequisite for paleoecological and paleoceanographical studies using coccoliths as proxies in 
Quaternary sediments. However, the environmental parameters that control their distribution are 
still rather poorly understood. In addition, there have been only few studies that provided infor-
mation on the distribution and occurrence of coccolithophores in surface waters of the equatorial 
Atlantic (McINTYRE & BÉ, 1967; BAUMANN et al., 1999). 
Therefore, the present investigation of the living coccolithophore communities in the upper-
most water column off NW Africa was projected to enlarge understanding of this important 
plankton group. At 6 stations water samples were taken with Niskin bottles of the rosette gener-
ally from ten different water depths between 10 and 300 m (Table 15). In addition, surface water  
 
Table 15 Rosette water samples for coccolithophores analyses. 
GeoB 
Site 
Sample 
No. 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Sampling
Depth  
[m]    
Water 
Temperature 
[°C] 
Salinity 
[‰] 
Volume 
[l] Remarks 
I.1 300 13.6 35.8 2.0  
I.2 250 14.3 35.9 2.0  
I.3 200 15.6 36.1 2.0  
I.4 150 16.8 36.3 2.0  
I.5 120 17.6 36.4 2.0  
I.6 100 18.4 36.6 2.0  
I.7 75 19.3 36.8 2.0  
I.8 50 20.7 37.0 1.5  
I.9 20 20.8* 36.8* 1.5   *at 30 m 
I.10 10 - - 1.5  
8621 
I.11 
25°08.9’ 19°21.9’ 3463 
55 20.6 36.8 1.5  
II.1 300 14.5 35.9 2.0  
II.2 250 15.3 36.0 2.0  
II.3 200 16.2 36.2 2.0  
II.4 150 17.9 36.5 1.5  
II.5 120 19.0 36.6 1.5  
II.6 100 19.6 36.7 1.5  
II.7a 75 1.2  
II.7b 75 0.6  
II.7c 75 
20.4 36.8 
1.0  
II.8a 50 1.0  
II.8b 50 21.1 36.8 0.8  
II.9a 25 1.0  
II.9b 25 21.8 36.8 0.8  
II.10a 10 1.0  
8622 
II.10b 
23°30.6’ 20°12.2’ 3955 
10 22.2 36.8 0.8  
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Table 15  continued 
GeoB 
Site 
Sample 
No. 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Sampling
Depth  
[m]    
Water 
Temperature 
[°C] 
Salinity 
[‰] 
Volume 
[l] Remarks 
III.1a 300 1.5  
III.1b 300 
12.8 35.5 
0.5  
III.2a 250 1.5  
III.2b 250 13.4 35.6 0.3  
III.3a 200 1.5  
III.3b 200 14.4 35.8 0.5  
III.4a 150 1.5  
III.4b 150 15.1 35.9 0.3  
III.5a 120 1.5  
III.5b 120 17.6 36.4 0.5  
III.6a 100 1.0  
III.6b 100 17.9 36.4 0.5  
III.7a 75 1.0  
III.7b 75 19.3 36.7 0.5  
III.8a 50 1.0  
III.8b 50 19.9 36.4 0.5  
III.9a 25 1.0  
III.9b 25 21.2 36.4 0.5  
III.10a 10 1.0  
8628 
III.10b 
21°17.2’ 20°46.7’ 4163 
10 21.9 36.4 0.5  
IV.1a 10 1.0  
IV.1b 10 
18.1 35.7 
0.5  
IV.2a 25 0.5  
IV.2b 25 
17.7 36.0 
0.5  
IV.3a 50 0.5  
IV.3b 50 
16.6 35.8 
0.5  
IV.4a 75 0.5  
IV.4b 75 16.3 35.9 0.5  
IV.5a 120 1.0  
IV.5b 120 
17.0 36.2 
0.5  
IV.6a 150 1.0  
IV.6b 150 
15.7 36.0 
0.5  
IV.7a 200 35.9 1.0  
IV.7b 200 15.0  0.5  
IV.8a 250 1.0  
IV.8b 250 
14.2 35.9 
0.5  
IV.9a 300 1.0  
IV.9b 300 
13.7 35.8 
0.5  
IV.10a 15 0.5  
IV.10b 15 
18.3 35.8 
0.3  
IV.11a 5 0.25  
IV.11b 5 
19.3 35.5 
0.25  
IV.12a ~5   0.25   membrane pump 
8629 
IV.12b 
20°41.0’ 18°34.9’ 2286 
~5   0.25   membrane pump 
V.1a 300 1.0  
V.1b 300 
12.6 35.5 
0.5  
V.2a 250 1.0  
V.2b 250 12.8 35.5 0.5  
V.3a 200 0.7  
V.3b 200 
13.4 35.5 
1.0  
V.4a 150 1.0  
V.4b 150 
14.1 35.5 
0.5  
V.5a 120 1.0  
V.5b 120 15.4 35.7 0.5  
V.6a 100 1.0  
8630 
V.6b 
20°49.1’ 17°58.3’ 1328 
100 
15.7 35.8 
0.5  
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Table 15  continued 
GeoB 
Site 
Sample 
No. 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Sampling
Depth  
[m]    
Water 
Temperature 
[°C] 
Salinity 
[‰] 
Volume 
[l] Remarks 
V.7a 75 1.0  
V.7b 75 
16.1 35.8 
0.5  
V.8a 50 0.7  
V.8b 50 17.7 35.6 0.5  
V.9a 20 0.5  
V.9b 20 
19.6 35.7 
0.25  
V.10a 10 0.5  
8630 
V.10b 
20°49.1’ 17°58.3’ 1328 
10 20.1 35.7 0.25  
VI.1 300 12.1 35.4 1.5  
VI.2a 250 1.5  
VI.2b 250 12.6 35.5 0.4  
VI.3a 200 1.5  
VI.3b 200 12.8 35.4 0.4  
VI.4a 150 1.5  
VI.4b 150 14.8 35.7 0.4  
VI.5a 120 1.0  
VI.5b 120 14.8 35.6 0.5  
VI.6a 100 1.0  
VI.6b 100 15.3 35.7 0.5  
VI.7a 75 1.0  
VI.7b 75 15.0 35.5 0.5  
VI.8a 50 1.0  
VI.8b 50 16.0 35.6 0.5  
VI.9a 20 1.0  
VI.9b 20 18.3 35.7 0.5  
VI.10a 10 0.5  
VI.10b 10 18.5 35.7 0.3  
VI.11a ~5 0.5   membrane pump 
8631 
VI.11b 
20°28.2’ 17°49.1’ 503 
~5 20.9 35.8 0.3   membrane pump 
VII.1 300 12.9 35.6 1.5  
VII.2 250 13.7 35.6 1.0  
VII.3 200 14.4 35.7 1.0  
VII.4 150 15.5 35.9 1.0  
VII.5 120 17.7 36.4 1.0  
VII.6 100 19.0 36.7 1.0  
VII.7 75 19.2 36.7 1.0  
VII.8 50 19.4 36.5 1.0  
VII.9 20 19.9 36.3 1.0  
VII.10a 10 0.5  
VII.10b 10 
19.9 36.3 
0.25  
8635 22°06.3’ 17°26.1’ 472 
35 19.8 36.3 0.5  
 VII.12 27°06.4’ 17°29.2’ 523 ~5 20.7 36.3 0.6   membrane pump 
VII.11 
 
samples were taken with the membrane pump system from about 5 m water depth along the 
ship’s track (Table 16). 
The water samples for floral studies were immediately filtered through cellulose nitrate filters, 
some also through polycarbonate filters (both 45 µm pore size) by means of a vacuum pump. 
Without washing, rinsing or chemical conservation the filters were dried at 40°C for at least 24 h 
and then permanently kept dry with silica gel in transparent film to protect them from humidity. 
The material will be used for distribution and composition analyses of the coccolithophore com-
munities by Scanning Electron Microscopy (SEM) identification and counting on filter transects. 
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Table 16 Membran pump water samples for coccolihophores analyses. 
Sample 
No. 
Date 
2003 
Time 
[UTC] 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Sampling
Depth  
[m]    
Water 
Temperature 
[°C] 
Salinity 
[‰] Volume [l] 
1a 2.0 
1b 
07:40 26°06.3’ 17°51.9’ 1012 5 22.4 36.8 
2.0 
2a 2.0 
2b 1.0 
2c 
12:43 25°33.0’ 18°46.1’ 3054 5 21.8 36.7 
1.5 
3 16:55 25°09.0’ 19°21.6’ 3446 5 22.7 36.8 2.0 
4 
26.05. 
20.31 24°52.8’ 3450 5 23.3 36.9 1.3 
5 12:26 23°30.6’ 20°11.2’ 3952 5 22.9 36.9 1.7 
6 18:15 23°23.1’ 19°15.3’ 3467 5 23.1 36.9 0.34 
7 18:58 23°21.7’ 19°07.0’ 3388 5 22.8 36.8 0.34 
8 
27.05 
18:58 23°21.7’ 19°07.0’ 3388 5 22.8 36.8 0.6 
9 09:09 23°04.7’ 17°30.2’ 1294 5 21.6 36.9 0.5 
10 
28.05. 
17:42 23°09.9’ 17°58.4’ 2407 5 22.7 36.8 0.5 
11 06:56 22°08.5’ 19°35.9’ 3797 5 22.7 36.4 0.7 
12 11:08 21°37.9’ 20°18.2’ 4072 5 22.4 36.4 1.0 
13 13:38 21°19.2’ 20°43.6’ 4081 5 22.4 36.5 2.0 
14 13:49 21°17.8’ 20°45.3’ 4147 5 22.7 36.5 2.0 
15 13:53 21°17.2’ 20°45.9’ 4148 5 22.6 36.5 2.0 
16 13:56 21°17.3’ 20°46.3’ 4159 5 22.6 36.5 2.0 
17a 1.5 
17b 
14:00 21°16.9’ 20°46.8’ 4157 5 22.7 36.5 
0.5 
18a 1.0 
18b 
16:14 21°14.5’ 20°37.3’ 4099 5 22.7 36.4 
0.41 
19a 1.0 
19b 
29.05. 
19:34 21°05.3’ 19°58.8’ 3799 5 22.9 36.5 
0.5 
20a 1.0 
20b 30.05. 22:43 20°56.1’ 19°20.7’ 3386 5 23.0 36.7 0.5 
21a 0.5 
21b 31.05. 20:43 20°24.4’ 17°42.2’ 564 5 20.9 35.7 0.25 
22 08:01 20°49.4’ 18°07.7’ 1673 5 19.3 35.4 1.0 
23 12:19 20°39.8’ 18°45.1’ 1673 5 20.2 35.9 1.0 
24 
03.06. 
16:59 20°01.3’ 17°27.2’ 523 5 20.1 36.3 2.0 
25 07:12 22°13.9’ 17°28.5’ 1042 5 20.6 36.3 1.0 
26 10:51 22°43.2’ 17°15.6’ 570 5 20.0 36.1 1.0 
27 13:43 23°09.3’ 17°03.5’ 103 5 20.0 36.2 0.3 
28 19:13 23°58.0’ 16°34.4’ 67 5 20.0 36.2 1.0 
29 
06.06. 
22:53 24°28.7’ 16°16.0’ 66 5 20.3 36.3 1.0 
30 06:04 25°31.1’ 15°38.2’ 158 5 20.3 36.5 1.0 
31 09:54 26°03.6’ 15°18.5’ 514 5 21.6 36.8 1.0 
32 
07.06. 
13:38 26°27.8’ 15°09.6’ 2419 5 21.6 36.8 1.0 
19°30.5’ 
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4.5.10 Sediment Traps 
(G. Fischer, P. Franke, M. Klann, N. Nowald, V. Ratmeyer, A. Wülbers) 
A major aim of this cruise was to recover and redeploy the moorings CB13/14 located about 
200 nm off Cape Blanc (Mauritania). The mesotrophic site operated since 1988 is located at the 
edge of the Cape Blanc filament in about 4100 m water depth. An additional mooring CBi was to 
be deployed around 80 nm further to the east. This eutrophic location is close to DSDP Site 658 
in the coastal upwelling off Mauritania in about 2300 m water depth. Both CB and CBi are influ-
enced by the NE trade winds and thus characterized by enhanced supply of terrigenous dust par-
ticles. The spatial and temporal distribution of productivity and biomass and the supply of dust 
particles to the ocean is monitored by satellite imagery (SeaWIFS) and will be compared to the 
patterns of deep ocean particles fluxes. 
Details of deployment and recoveries of the moorings are summarized in Table 17 together 
with the sampling data of the traps. On May 29, mooring CB13, which had been deployed by 
R/V METEOR during Cruise M 53/1c in April 2003 about 200 nm off Cape Blanc could be 
successfully recovered. It was redeployed as CB14 with a similar instrument configuration on 
the following day. CB13 provided two complete sample sets of 20 cups each, showing relatively 
low fluxes at both trap levels and lower seasonality compared to most of the previous years. 
On June 4, a 1400 m long mooring array (CBi1) equipped with two traps and one current 
meter was deployed in the inner part of the Cape Blanc filament. This site appeared to be very 
productive at the time of installation. It is planned to recover and redeploy this sediment trap 
mooring in spring of 2004.  
 
Table 17 Mooring recovery and deployments during Cruise M 58/2. 
Mooring Latitude[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Period Instruments* Depth [m] 
Intervals 
[number x days] 
Mooring recovery 
Cape Blanc 
mesotrophic 
CB13 
21°16.8' 20°46.7' 4131 
23.04.02 
to 
08.05.03 
SMT 234 
SMT 234 
RCM 8 
1228 
3606 
1250 
20 x 19 
20 x 19 
Mooring deployments 
Cape Blanc 
mesotrophic 
CB14 
21°17.2’ 20°47.6' 4162 
31.05.03 
to 
05.04.04 
SMT 243 
SMT 243 
RCM 8 
1246 
3624 
1269 
20 x 15.5 
20 x 15.5 
Cape Blanc 
eutrophic 
CBi1 
20°45.0’ 18°42.0’ 2714 
05.06.03 
to 
05.04.04 
SMT 243 
SMT 243 
RCM 8 
1296 
1876 
1320 
1 x 10.5, 19 x 15.5
1x 10.5, 19 x 15.5 
*Instruments 
SMT 243 - particle sediment trap, Aquatec Meerestechnik, Kiel. 
RCM 8 - current meter, Aanderaa. 
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4.5.11 Particle Camera System Profiling 
(N. Nowald, V. Ratmeyer) 
During R/V METEOR Cruise M 58/2 particle flux studies were performed by deployments of the 
profiling deep-sea particle camera system ParCa. This optical technique provides information 
about the in situ concentration, size, shape and orientation of particulate matter along depth pro-
files through the water column. 
Of special interest within the scope of particle flux studies are the pathways of particulate 
matter in different parts of the ocean. Previous results of particle profiles obtained with the 
ParCa system indicated a rapid vertical delivery of large amounts of particulate matter in short 
periods from the ocean surface to the deep-sea in the Cape Blanc region. During such events, the 
sinking particle clouds scavenge preferably small particles from the water column, resulting in 
increased particle sizes within the sinking cloud. As the particle profiles represent snapshots of 
the in situ distribution of particulate matter at a certain time and place, the focus was laid on 
ParCa profiles with a temporal delay of at least 12 hours at selected locations. The observation of 
the particle distribution in the entire water column over time was studied for two reasons, first, to 
find and verify postulated mass sinking events and, second, to calculate sinking velocities of 
particulate matter during such events. 
Particulate matter is supposed to be shifted over long distances in horizontal direction away 
from continental margins towards the open ocean. Such laterally transported particle clouds are 
thought to originate from upper continental slope areas. Their importance within the overall par-
ticle fluxes is not yet sufficiently understood. Therefore, a high resolution transect consisting of 
5 ParCa profiles at 2 nm distance was arranged along the upper continental slope off Dakhla to 
identify and consecutively trace signals of particle clouds. Prime scientific objectives were to 
quantify transport distances, sinking velocities, particle size and concentration of laterally 
advected material. 
ParCa profiles were also projected to support dives of a remotely operated vehicle (ROV). 
Deployed before the ROV operations, ParCa images should provide valuable information about 
the depth ranges, where large, coagulated aggregates are encountered in high concentrations for a 
selective sampling. 
 
Particle Camera System ParCa 
The central unit of the digital ParCa system is a modified NIKON Coolpix 995 camera. Up to 
320 images can be stored on a 512 MByte memory card at 2048 x 1536 pixel resolution with 16 
million colors. A PIC controller triggers the camera system according to depth record of a Sea-
Bird 19 CTD profiler that is additionally equipped with an oxygen sensor and a Chelsea flu-
rometer. While lowered at the ship’s coaxial cable, a SBE 36 telemetry unit provides full opera-
tional control. Power is supplied by a 24 V Deep Sea Power & Light battery. A strobe mounted 
perpendicular to the camera at a distance of 65 cme fires a collimated light beam of 12 cm width 
illuminating a volume of 34 l. ParCa is lowered at of 0.3 m/s, shooting pictures in 10 m depth 
intervals. To prevent sunlight influences, ParCa was only deployed during night times. A 
detailed ParCa station list is given in Table 18. 
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Table 18 ParCa station list. 
ParCa 
Profile 
Date 
2003 
Time of 
Deployment 
[UTC] 
Latitude
[N] 
Longitude 
[W] 
Profiling 
Depth 
[m] 
Water 
Depth
[m] 
Type of Profile 
8628-5 30.05. 05:00 21°16.8’ 20°46.8’ 3000 4159 Single Observation 
8629-1 31.05. 02:50 20°45.0’ 18°34.9’ 2200 2270 Single Observation 
8630-1 01.06. 03:20 20°49.0’ 17°58.3’ 1300 1323 Sequential Observation #1a
8631-1 02.06. 06:50 20°28.2’ 17°49.0’ 470 499 Sequential Observation #2a
8631-12 03.06. 00:15 20°28.6’ 17°49.4’ 480 502 Sequential Observation #2b
8632-1 03.06. 03:55 20°49.1’ 17°58.3’ 1300 1333 Sequential Observation #1b
8633-3 04.06. 01:45 20°44.9’ 18°41.7’ 2650 2698 Sequential Observation #3a
8633-8 04.06. 08:23 20°45.8’ 18°41.5’ 2650 2677 Sequential Observation #3b
8634-1 05.06. 05:55 20°49.1’ 17°58.3’ 1300 1329 Sequential Observation #1c
8635-1 05.06. 20:35 22°06.3’ 17°26.1’ 448 474 High Resolution Transect 
8636-1 05.06. 21:54 22°07.6’ 17°27.7’ 585 616 High Resolution Transect 
8637-1 06.06. 00:09 22°09.2’ 17°29.2’ 740 763 High Resolution Transect 
8638-1 06.06. 01:50 22°10.6’ 17°30.7’ 925 951 High Resolution Transect 
8639-1 06.06. 04:30 22°10.9’ 17°31.1’ 1135 1142 High Resolution Transect 
 
After recovery of the ParCa system, the images were transferred from the camera’s memory 
card to a PC. By means of the digital image analysis software Optimas, the abundance of parti-
cles on each image was extracted automatically. The image are converted into an 8-bit gray 
scale, individual particles identified by their gray value range. According to a threshold level set 
before data extraction, Optimas differentiates between background and generally bright white 
appearing particles. 
 
Temporal Variability of Particle Distribution off Cape Blanc 
Pairs of ParCa profiles were obtained at three different locations within time windows between 
18 and 96 hours (see Table 18). As an example, ParCa profiles GeoB 8630-1 and GeoB 8634-1 
recorded at 20°49.0'N / 17°58.3'W are presented in Figure 44. ParCa was deployed at approxi-
mately the same night time, 04:23 (GeoB 8630-1) and 05:55 UTC (GeoB 8634-1), respectively, 
with an offset of four days. 
Within the upper 100 m of the water column a distinct particle maximum was found at about 
30 m depth with concentrations of around 220 particles per image (Max 1, Fig. 44). Below, con-
centrations decrease, reaching a relative minimum of some 50 particles per image at about 100 m 
depth. A second maximum was encountered on both profiles between 120 and 250 m depth 
(Max 2). While the concentration in this second maximum reached more than 250 particles per 
image on profile GeoB 8630-1, but around 150 particles per image were observed in this depth 
range on profile GeoB 8634-1. A third maximum with 200 particles per image was only found 
on ParCa profile GeoB 8634-1 in depths between 300 and 400 m (Max 3). Below 500 m, the 
abundance of particles decreases continuously. ParCa profile GeoB 8630-1 is characterized by 
two near bottom maxima, one at 1180 m depth, a second close to the sea floor. In contrast, pro-
file GeoB 8634-1 shows just a single deep maximum. 
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Figure 44 Temporal variations of the particle distribution in the water column at position 
20°49.0’N / 17°58.3’W (off Cape Blanc). The offset between both profiles was about 
4 days. Max 3, only observed on profile GeoB 8634-1, possibly detached from Max 
2 and might document the initial stage of a sinking event. The concentration peak at 
around 1150 m depth on profile 8630-1 (Max 4) disappeared within 4 days and could 
not be relocated on profile 8634-1. 
 
 
Regarding the vertical transport of particulate matter from the sea surface to the ocean floor, 
particle maxima Max 2 and Max 3 are of particular interest. Max 3 on profile GeoB 8634-1 
might be interpreted as the initial stage of a sinking particle cloud. Presumably, a fraction of the 
material found in Max 2 on profile GeoB 8630-1 detached and started sinking forming Max 3 
and leaving a reduced concentration at Max 2 on profile GeoB 8634-1. In this case, the size dis-
tributions of Max 2 on GeoB 8630-1 and GeoB 8634-1 should significantly differ. Max 2 of pro-
file GeoB 8634-1 would be depleted in the smaller sized fractions compared to Max 2 on profile 
GeoB 8630-1 due to scavenging effects and Max 3 on profile GeoB 8634-1 thus contain pre-
dominantly larger particles. The trigger for sinking events is not yet well understood. Possible 
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processes are phytoplankton blooms or a rapid input of wind transported dust material from the 
Sahara. Further analyses of the particle size distribution are needed to address this problem. 
An alternative explanation for maxima at different depth levels could be the several hundred 
meters per day vertical migration of phyto- and zooplankton resulting in changing particle distri-
butions. It should be mentioned, however, that the time of ParCa deployment was approximately 
the same (1.5 h difference) on both profiles. 
Increased particle concentrations directly above the sea floor are typically caused by bottom 
currents creating a permanent, up to 100 m thick layer of re-suspended material. Such elevated 
particle concentrations above the sea floor are observed on both profiles (Max 5). ParCa profile 
GeoB 8630-1 shows a second deep particle maximum at around 1180 m depth (Max 4) that had 
disappeared 4 days later on profile GeoB 8634-1. Max 4 could either result from a temporally 
increased bottom current activity or it may represent laterally advected material. Again, particle 
size analyses should allow to resolve this question. 
 
 
 
 
Figure 45 Transect of high-resolution ParCa profiles off Dakhla. Particle concentrations decline 
with increasing distance to the coast as a direct result of the diminishing primary 
production towards the open ocean. Particle concentrations increase to greater water 
depth. Directly above the sea floor bottom current driven re-suspension is evident. 
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High Resolution ParCa Transect on the Upper Continental Slope off Dakhla 
In the near surface waters, highest abundances of 150 particles per image were found at site 
GeoB 8637, decreasing to 80 particles per image at site GeoB 8638 and 40 particles per image at 
site GeoB 8639. With slightly more than 80 particles per image site GeoB 8636 in shallower 
water did not follow this trend of declining particle concentrations with increasing distance to the 
coast (Fig. 45). Due to a malfunction of the camera system, no data are available for the shortest 
profile of the transect (GeoB 8635). Concentrations of particulate matter in intermediate waters 
remain about constant or increase to depth. Compared to the upper water column a reverse trend 
in particle concentrations is observed for the near bottom re-suspension. 
Decreasing particle concentrations with increasing distance from the coast in the upper water 
column, a trend that has already been observed in ParCa profiles of previous cruises, is directly 
linked the production intensity of phytoplankton organisms. SeaWiFS satellite images show that 
the upwelling band off Dakhla is quite narrow and productivity decreases rapidly offshore. Parti-
cle concentrations determined on ParCa profiles perfectly correlate with chlorophyll-a concen-
trations depicted in satellite images. 
A notable depth increase of particle concentrations as observed at sites GeoB 8637 and GeoB 
8638 may be caused by the disintegration of large aggregates into many small particles or else by 
laterally advected material. Shore based particle size distribution studies will allow to identify 
the relevant process. Re-suspension effects by strong bottom currents along the steep continental 
slope should explain the high particle concentrations near the sea floor particularly evident at the 
deeper sites GeoB 8638 and GeoB 8639. 
 
 
 
 
Figure 46 Large particle aggregate in 700 m depth off Cape Blanc. 
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ParCa Surveys for ROV Sampling of Marine Particle Aggregates 
ParCa deployments and an immediate data evaluation of the images taken proved to be very 
helpful in delimiting the ROV operations to depths intervals, where large aggregates could be 
expected in high concentrations (Fig. 46). This task was usually accomplished with a depth accu-
racy of some 10 to 20 m and greatly helped to efficiently use the ROV dives for aggregate video 
observation and sampling. 
 
 
 
4.5.12 ROV Aggregate and Marine Snow Observations 
(V. Ratmeyer, N. Nowald, W. Dimmler, P. Franke, G. Fischer) 
Particle flux studies with sediment trap moorings and in situ camera profiles were supplemented 
by 5 deployments of the remotely operated vehicle (ROV) CHEROKEE to water depths between 
10 and 505 m during Cruise M 58/2 (Table 19). Main scientific goals of the 21 hours total dive 
operations were the digital video recording of marine snow and a selective sampling of single 
large, agglomerated aggregate strings. Unfortunately, the sampling technique prepared was not 
successful due to extreme difficulties in positioning the sampling device appropriately. 
 
Table 19 ROV Operations Summary. 
GeoB Site Date 2003 Total Dive Time[h] 
Water Depth 
[m] 
Target Depths 
[m] 
8623 27.05. 1.5 3730 20, 50, 100 
8629 31.05. 2.0 2277 20, 50 
8630 01.06. 6.5 1322 20, 50, 120, 180, 200 
8631 02.06. 6.5 502 
20, 50, 120, 160, 200, 250, 
300, 350, 480, 505  
8633 04.06. 4.5 2675 
20, 50, 110, 160, 200, 250, 
325 
 
 
Until now, only very limited data sets are available that quantify the sinking speed of marine 
snow aggregates (e.g., DIERKS & ASPER, 1997). Even less successful attempts have been 
made to sample single aggregates for analysis of their composition and density (SHANKS & 
TRENT, 1980; ALLDREDGE & GOTSCHALK, 1988; 1989; SYVITSKI et al., 1995). Most of 
them were performed in depths reachable by scuba diving. Practically no relevant data have so 
far been acquired in greater depths. Several methods are well established to measure different 
characteristics of particle fluxes. They either use integrated sampling (sediment traps, in situ 
pumps, nets etc.) or solely observational methods (cameras, acoustics, transmissiometers etc.), 
allowing a calculation of sinking speeds and composition of bulk material with limited resolution 
only. The transport processes cannot be evaluated from these data and need to be measured in 
situ. Although it is known that major portions of the vertical particle fluxes are transported via 
large aggregates of different types (fecal pellets, marine snow flocculates, transparent polymere 
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strings with attached particles, diatom mats, residual food webs etc.) effects of scavenging sus-
pended material from the water column by these large compounds is not yet fully understood. 
Other open questions concern the trigger processes for short term sinking events, lateral versus 
vertical pathways, possible composition changes during transport and sinking velocities as func-
tion of size and density. The latter is of specific interest to close a data gap for a variety of bio-
geochemical models assessing the carbon export from surface waters to the deep sea. 
The electrical propelled, open frame Subatlantic type ROV CHEROKEE has a diving capac-
ity of 1000 m. It is connected to the ship via a tether on a spool drum. For manoeuvring 3 mobile 
control stations are available. The vehicle is equipped with a fibre optic telemetry system allow-
ing the simultaneous transmission of up to 4 video channels. In addition, a total of 8 channels can 
be used for control and data transfer from various sensors. Installed are a 325/675 double fre-
quency scanning sonar, a pilot color zoom camera, a stereo video camera system mounted on a 
proportional pan/tilt head and a 5 function manipulator. Video recordings are stored on digital 
DV tapes. For aggregate sampling, the stereo system and manipulator were employed to position 
a hydraulic syringe (Fig. 47). Sample storage was prepared in a side frame mounted box with 20 
sample bags. Between dives, this arrangement had to be changed to optimize the flow of undis-
torted aggregates into the suction area of the syringe with different setups of acrylic tubes (Fig. 
48). However, none of these modifications effected satisfying results. A new sampling concept 
was therefore developed and partially tested onboard during the cruise. It will be completed in 
the Marum/University of Bremen laboratories to be used on future cruises. 
 
 
 
 
Figure 47 Sampling syringe mounted on the ROV’s manipulator. 
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Figure 48 Sampling system mounted on the side frame of the ROV with an acrylic tube to 
guide aggregates to the sampling syringe. 
 
 
During Cruise M 58/2 a total of 5 ROV dives for detailed in situ observations and sampling of 
large particle aggregates were accomplished to different depths. Prior to ROV operations the 
digital particle camera ParCa was deployed to delimit depth ranges of high total particle concen-
trations from onboard analysis of the ParCa profiles. The diving setup of the ROV was a semi 
free-flying mode with approximately 30 m neutral buoyant tether behind the vehicle attached to 
a ship's wire lowering a dummy weight into the target depth. This practice allowed a very stable 
flight at depth, completely decoupled from the ship’s movements and at the same time free of 
drag forces usually acting on long tether lines. After some training, speed and motion of the 
vehicle could be reduced to a degree that the three dimensional observation of particles in their 
undisturbed in situ habitat was possible. With horizontal flights through the particle clouds opti-
cal coverage of large water volumes and especially the documentation very large aggregates and 
stringers were achieved, extending the results of the particle camera. The video recordings will 
be quantitatively analyzed both manually and computer aided after the cruise. 
A major success of the dives were in situ observations of particle environments at interme-
diate water depths (Fig. 49). Although not yet quantitatively analyzed, the video based ROV 
surveys seem to perfectly match the digital particle camera results. Vertically, particle concen-
trations and sizes are highly variable in the water column. In clear contrast, a very low variability 
in size distribution and concentration was typically observed during horizontal flights, regardless 
of the total amount of particles present. Distances of several 100 m were covered in this mode 
without detecting any distinct patchiness. 
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Figure 49 Video frame during horizontal flight in 250 m water depth at site GeoB 8633 show-
ing stringers and macro aggregates, the ROV tether and the front cone of the acrylic 
sampling tube. 
 
 
Another principal result is the behaviour of aggregates of very different size classes. During 
neutral flight mode – short periods, when the vehicle was complete stationary – no vertical 
movement of particles relative to each other could be detected over time intervals of up to about 
10 seconds. Although this is only a qualitative observation, it does not comply with the common 
understanding that large and namely very large aggregates provide the vertical transport means 
for small particles and specifically carbon through the water column sometimes with (flux 
derived) velocities of several 100 meters per day. A number of video sequences recorded no 
movement of large particles is documented, they remain immobile in positions regardless of their 
size, although some exceed lengths of 10 cm. This suggests that size might not be the critical 
parameter for vertical transport, but other characteristics like shape and particularly density are 
more important. 
The results obtained, so far but visual observations, underline the absolute need of sampling 
single aggregates to fully understand the processes of carbon and particle export. Methodical 
know-how gathered during Cruise M 58/2 will be utilized to develop improved techniques for 
aggregate sampling. 
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4.6 Marine Chemistry 
(O. Wilhelm, K. Szuba) 
4.6.1 Filtration of Suspended Material for Trace Metal Analysis 
With the objective to determine concentration profiles of selected trace elements, including tita-
nium (Ti), zirconium (Zr) and hafnium (Hf), suspended particulate material (SPM) was sampled 
by means of in situ pumps in different water depths at several stations. The elements titanium, 
zirconium and hafnium are mostly derived from lithogenic sources. All of them have compara-
tively short residence times in the ocean, between 800 and 300 years for Zr and between 800 and 
500 years for Hf and can therefore be used to trace processes on short time scales as well as to 
assess SPM sources. 
Most likely the predominant influx of titanium, zirconium and hafnium into the deep ocean is 
dry and particularly wet deposition from the atmosphere to the ocean surface. Secondary input 
mechanisms are the transport by rivers or a re-mobilization from the shelves. The depth distribu-
tion of these elements in particulate material largely depends on scavenging effects by fast sink-
ing biogenic compounds, because of their high reactivity and easy bounding to such particles. 
Additionally, the concentration of particulate organic carbon (POC) will be determined on the 
bulk particles. Its relation to titanium, zirconium and hafnium contents will allow to better quan-
tify their amounts bound to organic matter versus those in aquatic solution. POC was sampled 
with GFF filters, for other SPM polycarbonat filters were used. To compare the influx of the 
lithogenic elements Ti, Zr and Hf to the ocean with their sources in the continental crust, also 
surface sediments will be analyzed. 
Filtrations were performed at four stations from the deep sea to the upper continental slope 
(Table 20). In general, the entire water column was sampled with the focus on the top 500 m and 
the waters close to the sea floor. The in situ pumps stop automatically after a predetermined 
pumping interval, typically one hour, or when the maximum volume of 300 liter is reached. A 
minimal flow rate caused by completely filled filters also ends the pumping operation. At station 
GeoB 8631 intermediate water depths could not been sampled due to technical problems. During 
pumping at the other three stations the equipment worked mostly well. 
 
 
 
4.6.2 Dust Sampling 
To achieve information about the eolian input of titanium, zirconium and hafnium to the ocean, 
dust samples have been collected. In particular, trade winds transport large amounts of material 
from the Sahara desert to the working areas. 
Aerosol samples were collected in the ship’s topmast with 47 mm polycarbon filters using a 
vacuum pump. The air volume was measured by a gas counter. Two different series of filters 
were employed, one underway, the other while the ship was on station. Details of the sampling 
procedure are listed in Table 21. 
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Table 20 Water column sampling of suspended material for trace metal analysis. 
Station 
GeoB 
Latitude 
[N] 
Longitude 
[W] 
Water 
Depth 
[m] 
Date 
2003 
Pump 
No. 
Filter 
No. 
Depth 
[m] 
Volume 
[l] Remarks 
8 Nucl. AK15 15 5.0  
2 GFF 1B 25 121.4  
3 Nucl. AK14 50 9.2  
4 GFF 2B 60 120.9  
6 Nucl. AK03 90 94.9  
7 GFF 3B 100 268.8  
8 Nucl. AK01 400 110.7  
2 GFF 4B 410 268.8  
3 Nucl. AK02 1000 212.2  
4 GFF 5B 1010 121.1  
6 Nucl. AK42 1500 25.0  
7 GFF 6B 1510 223.8  
8 Nucl. AK40 2000 0.2 pump failure 
2 GFF 7B 2010 135.7  
3 Nucl. AK41 3500 150.6  
4 GFF 8B 3510 281.6  
6 Nucl. AK21 4000 0.2 pump failure 
8628 21°16.8' 20°46.7' 4159 29.05. 
7 GFF 9B 4010 196.5  
       
8 Nucl. AK19 15 1.4 pump failure 
2 GFF 1C 25 17.6  
3 Nucl. AK20 50 22.4  
4 GFF 2C 60 198.3  
6 Nucl. AK35 90 112.7  
7 GFF 3C 100 278.8  
8 Nucl. AK08 400 0.1 pump failure 
2 GFF 7C 410 283.9  
3 Nucl. AK30 1000 188.8  
4 GFF 8C 1010 189.3  
6 Nucl. AK29 1200 14.1  
7 GFF 9C 1210 235.1  
8630 20°49.3’ 17°58.4’ 1329 01.06. 
2 Nucl. AK11 15 100.6  
       
2 Nucl. AK12 15 9.3  
3 GFF 1D 25  162.5 
4 Nucl. AK10 50 12.6  
6 GFF 3D 60 33.2  
7 Nucl. AK06 90 96.2  
2 Nucl. AK05 200 87.0  
3 GFF 2D 210 175.5  
4 Nucl. AK17 300 226.0  
6 GFF 4D 310 240.0  
8631 20°28.6’ 17°49.3’ 495 02.06. 
7 Nucl. AK56 400 125.6  
    
2 Nucl. AK25 15 9.7  
3 GFF 3I 25 0.0 pump failure 
6 GFF 4I 60 216.0  8633 20°44.9’ 18°41.8’ 2700 
 
03.06. 
2 Nucl. AK16 2500 165.4 
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All samples collected will be analyzed in the University of Bremen laboratories. After a com-
plete dissolution of the filters, element concentrations are determined by ICP-MS measurements. 
The amount of organic material in the GFF filters is quantified with a CHN analyzer. Particles 
from selected filters will be further examined by scanning electron microscopy. 
 
Filter 
No. 
Wind 
Direction 
[°] 
Wind 
Speed 
[m/s] 
Date 
2003 
End 
[UTC]
Air 
Volume 
[m3] 
Remarks 
 
Table 21 Dust sampling for trace metal analysis. 
Latitude 
[N] 
Longitude 
[W] 
Start
[UTC]
19°22.0’ 18:45 
F 382 underway 51 5.3 21:00 00:45 3.241 filter displaced 26.05. 
F 378 23°30.6’ 20°12.3’ 5.0 27.05. 09:37 3.832 12 13:21  
F 482 underway 340 3.0 27.05. 13:37 15:30 1.815 filter broken 
underway 27.05. 16:19  
F 490 23°25.8’ 16:24 17:25 19°40.2’ 334 4.4 27.05. 0.964  
underway 332 4.1 27.05. 17:30 23:50 5.632  
F 385 underway 341 4.2 28.05. 13:00 14:49 1.624  
F 386 23°08.5’ 17°50.4’ 2 2.6 28.05. 14:50 18:20 3.123  
F 383 underway 358 6.5 28.05. 18:25 19:50 1.397 filter displaced 
23°12.0’ 18°10.2’ 359 4.1 28.05. 20:00 23:42 3.364  
0 6.2 28./29.05. 23:45 15:10  
F 381 21°16.5’ 20°48.8’ 9 1.9 29./30.05. 15:13 02:25 9.899  
5.5 30.05. 21:37 n.d. 0.427 
F 371 underway 349 7.1 30./31.05. 22:15 14:11 15.153 filter displaced 
F 391 underway 6 filter displaced 6.7 31.05. 14:15 n.d. 3.531 
F 379 underway 351 8.7 31.05./01.06. 20:50 01:20 3.952  
F 481 20°49.0’ 17°58.3’ 20 8.2 01./02.06. 17:00 04:35 9.730  
X  02 20°28.0’ 19°49.1’ 337 12.0 02./03.06. 14:42 7.941  01:40 
Y 292 underway 313 9.4 03./04.06. 14:03 02:33 7.947  
Y 295 20°45.7’ 18°41.4’ 03./04.06. 19:45 00:20  170 10.0 3.061 
underway 358 12.5 05.06. 10:10 2.981  
F 384 25°08.9’ 313 0.7 26.05. 20:20 0.962  
F 389 338 2.5 15:40 0.632 
F 372 
F 489 
F 488 underway 13.524 
F 483 underway 354 filter displaced 
N 323 14:00 
 
 
5 Ship’s Meteorological Station 
(C. Joppich, T. Truscheit) 
 
Soon after leaving Las Palmas, the wind reached gale force that prevailed during the first three 
days of Cruise M 58/2. Maximum strength was around Bft 9 from north-northwest on May 16 
and 17, the significant wave height approximately 5 meters for some time. During this period of 
the year, the probability of such weather conditions is less than 1 percent in the Canary Islands 
region. The actual situation was caused by a strong high situated between Madeira and the 
Azores, moving northeastward to northern Spain, while low pressure dominated over Algeria. A 
rapid breakdown from Bft 8 to Bft 1 on May 18 suddenly ended this stormy interval. Moderate 
trade winds of about Bft 5 persisted the following days and the observed significant wave heights 
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decreased to about 1.5 to 2.5 meters in the working areas until R/V METEOR returned to Las 
Palmas on May 24. 
The second part of Cruise M 58/2 again started in stormy weather. Immediately after leaving 
the port of Las Palmas, average wind intensified to Bft 8 from northerly directions in a zone of 5 
to 10 nautical miles from the coast, resulting from accelerated airflow east and southeast of Gran 
Canaria. The undisturbed east to northeast mean winds in some distance from the island only 
reached about Bft 5. During the remainder of the cruise trade winds of around Bft 5, later Bft 6 
occurred, accelerating to Bft 7 for some time, while sailing back to Las Palmas. Wave heights 
then increased to approximately 3.5 meters. 
On May 30 and 31, there were some light rain showers in the vicinity of R/V METEOR. 
Elsewhere no precipitation was measured during the entire cruise. Sunny periods occurred more 
frequently near the NW African coast than farther away from the continent. The temperature 
during the first part of the cruise varied between 17 and 21°C, on the second part between 19 and 
23°C. Visibility was good for most of the time, except near the Moroccan coast north of 29°N, 
where repeated mist was observed. 
 
Despite the initial disappointment not to operate the drilling device PROD and some adverse 
weather conditions, almost all of the manifold research goals could be achieved during the sec-
ond leg of R/V METEOR Cruise M 58. A large amount of echographic data and a wealth of 
most valuable sample material from the water column and the sea floor have been collected that 
will stimulate numerous shore based studies in the years to come. 
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